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FOREWORD 

S p a c e  b i o l o g y  i s  d e v e l o p i n g  s u c c e s s f u l l y ,  b o t h  i n  o u r  c o u n t r y  /3 
a n d  a b r o a d .  The number  o f  p r o b l e m s  w h i c h  a t t r a c t  t h e  a t t e n t i o n  o f  
r e s e a r c h e r s  i s  e x p a n d i n g  c o n t i n u o u s l y ,  a n d  new t a s k s  a r e  c o n s t a n t l y  
b e i n g  i n t r o d u c e d  i n t o  t h e  p r a c t i c e  o f  a s t r o n a u t i c s .  

The  p u b l i c a t i o n  o f  t h e  c o l l e c t i o n s  i n  t h e  s e r i e s  " P r o b l e m s  o f  
S p a c e  B i o l o g y " ,  f i r s t  c o n c e i v e d  by  A c a d e m i c i a n  N . M .  S i s a k y a n ,  i n 
v o l v e s  a g e n e r a l i z a t i o n  o f  s c i e n t i f i c  d a t a  c o l l e c t e d  i n  many s i c e n 
t i f i c  a s s o c i a t i o n s .  

The p r e c e d i n g  v o l u m e s  h a v e  m e t  w i t h  a c c l a i m  f r o m  t h e  s c i e n t i f i c  
communi ty ,  a n d  h a v e  b e e n  t r a n s l a t e d  i n t o  f o r e i g n  l a n g u a g e s .  I n  
p r e p a r i n g  t h e  m a t e r i a l s  f o r  p u b l i c a t i o n ,  t h e  e d i t o r i a l  b o a r d  t r i e d  
t o  f i n d  t h e  m o s t  a d e q u a t e  f o r m  f o r  p r e s e n t i n g  t h e  i n f o r m a t i o n  t o  
t h e  r e a d e r .  T h u s ,  a l o g i c a l  t r a n s i t i o n  w a s  made f r o m  c o l l e c t i o n s  
e n c o m p a s s i n g  a w i d e  r a n g e  o f  p r o b l e m s  t o  e d i t i o n s  o f  n a r r o w e r  s c o p e  
( f o r  e x a m p l e ,  Volume V ,  w h i c h  i n v o l v e d  a m o n o g r a p h i c  e x p o s i t i o n  o f  
t h e  d y n a m i c s  o f  c e r e b r a l  h e m o r r h a g e  d u r i n g  g r a v i t a t i o n a l  s t r e s s ) .  

T h i s  vo lume o f  " P r o b l e m s  o f  S p a c e  B i o l o g y "  ( V o l .  V I )  i s  d i v i d e d  
i n t o  t h r e e  p a r t s .  

The f i r s t  i n v o l v e s  c e r t a i n  g e n e r a l  p r o b l e m s ,  a n d  i s  i n t r o d u c e d  
by  a s u r v e y  a r t i c l e  b y  A c a d e m i c i a n  N . M .  S i s a k y a n , e n t i t l e d  " S e v e r a l  
P r o b l e m s  o f  E c o p h y s i o l o g y " ,  w h i c h  h e  r e a d  a t  a U N E S C O  s e s s i o n  i n  
P a r i s ,  i n  1 9 6 5 .  T h i s  was t h e  l a s t  p u b l i c  a d d r e s s  o f  t h e  l a t e  Aca
d e m i c i a n  N . M .  S i s a k y a n ,  a p r o m i n e n t  S o v i e t  s c i e n t i s t  a n d  o n e  o f  t h e  
l e a d i n g  f i g u r e s  i n  s p a c e  b i o l o g y .  The o t h e r  f i v e  a r t i c l e s  i n  t h e  
f i r s t  p a r t  d e v e l o p ,  t o  a c e r t a i n  e x t e n t ,  t h e  p o s i t i o n s  o f  t h i s  a r t i 
c l e ,  as  i f  i t  were  t h e  i n t r o d u c t i o n .  

The p r i n c i p a l  m a t e r i a l s  o f  t h e  volume e n c o m p a s s  two  p r o b l e m s :  / 4  
t h e  e f f e c t  o f  a l t e r e d  g r a v i t a t i o n  on  t h e  o r g a n i s m ,  a n d  t h e  b i o l o i i 
c a l  e f f e c t  o f  r a d i a t i o n .  

P e r h a p s  t h e  m o s t  s i g n i f i c a n t  f a c t o r s  r e l a t e d  t o  f l i g h t  i n t o  
o u t e r  s p a c e  a r e  t h e  c h a n g e  i n  t h e  g r a v i t a t i o n a l  f i e l d  a n d  t h e  i o n i z 
i n g  r a d i a t i o n .  

C o n s t a n t  a t t e n t i o n  i s  b e i n g  g i v e n  t o  a n a l y s e s  of  t h e s e  a s p e c t s ,  
a n d  some o f  t h e  a c c u m u l a t e d  d a t a  i s  p r e s e n t e d  i n  t h i s  v o l u m e .  
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A p a r t i c u l a r  f e a t u r e  o f  some a r t i c l e s  i s  a n  e x a m i n a t i o n  o f  t h e  
combined  e f f e c t  of v a r i o u s  f a c t o r s  of s p a c e  f l i g h t  on a n  o r g a n i s m .  
U n t i l  r e c e n t l y ,  c o m p a r a t i v e l y  l i t t l e  i m p o r t a n c e  w a s  g i v e n  t o  t h e  
p r o b l e m  o f  c o m b i n e d  s t r e s s  , a l t h o u g h  d u r i n g  a n  a c t u a l  f l i g h t  t h e  
o r g a n i s m  e n c o u n t e r s  p r e s i c e l y  t h i s  t y p e  o f  e f f e c t .  

F i n a l l y ,  m a t h e m a t i c a l  r e s e a r c h  m e t h o d s  a n d  a p p r o a c h e s ,  b a s e d  
on  t h e  a c h i e v e m e n t s  o f  c y b e r n e t i c s ,  a r e  b e i n g  u s e d  more a n d  more 
i n  t h e  p r a c t i c e  o f  s p a c e  b i o l o g y .  T h e s e  t e n d e n c i e s  a r e  a l s o  r e 
f l e c t e d  i n  t h e  m a t e r i a l s  o f  t h i s  v o l u m e .  
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GENERAL PROBLEMS OF M E D I C A L  SPACE B IOLOGY 




SEVERAL PRflRLEMS OF ECOPHYSIOLOGY’ 
N. M .  S i s a k y a n  

A B S T R A C T :  The overaZZ t r e n d s  of i n v e s t i g a t i o n s  
a r e  s t u d i e d  in t h e  f i e Z d  of ecophys ioZogy  f o r  
t h e  p e r i o d  s i n c e  t h e  Zaunching of t h e  f i r s t  a r t i 
f i c i a Z  e a r t h  s a t e  Z Z i t e .  A n  i n t i m a t e  r e  Za t ion 
s h i p  i s  shown be tween  space  phys ioZogy  and t h e  
probZems of exobioZogy  on t h e  one hand and be 
tween  space  phys ioZogy  and t h e  appZied  probZems
of c r e a t i n g  b i o t e c h n i c a z  s y s t e m s  and deve Zoping
methods  f o r  r a i s i n g  t h e  s t a b i l i t y  of t h e  organisms  
on t h e  o t h e r .  R e s u l t s  a r e  g i v e n  for t e r r e s t r i a z  
and a e r o n a u t i c a Z  s t u d i e s  on t h e  e f f e c t  of fac
t o r s  i n  o u t e r  space  (vacuum, cosmic  r a d i a t i o n ,  
c h a r a c t e r i s t i c s  of t h e  t e m p e r a t u r e  reg ime ,  e t c .  1 
and f Z i g h t  ( a r t i f i c i a Z  gas e n v i r o n m e n t ,  p r e s s u r e ,
dynamic f a c t o r s )  on Z iv ing  organ i sms .  

A s  a r e s u l t  o f  t h e  r a p i d  r a t e  o f  d e v e l o p m e n t  a n d  t h e  c o n t i n - / s a  
u o u s  e x p a n s i o n  o f  i n v e s t i g a t i o n s  i n  t h e  f i e l d  o f  s p a c e  p h y s i o l o g y ,  
t h e r e  n a t u r a l l y  a r i s e s  a n e c e s s i t y  o f  s t u d y i n g  t h e  r e s u l t s  a c h i e v e d  
a n d  o f  a n a l y z i n g  t r e n d s  i n  t h i s  f i e l d  o f  k n o w l e d g e .  

A l t h o u g h  s l i g h t l y  more  t h a n  7 y e a r s  h a v e  p a s s e d  s i n c e  t h e  
l a u n c h i n g  o f  t h e  f i r s t  b i o l o g i c a l  s a t e l l i t e ,  o u r  k n o w l e d g e  h a s  
a d v a n c e d  c o n s i d e r a b l y .  We now h a v e  a v a i l a b l e  n o t  o n l y  a t r e m e n d o u s  
amount  o f  e x p e r i m e n t a l  m a t e r i a l ,  o b t a i n e d  f r o m  e x p e r i m e n t s  w i t h  
a n i m a l s ,  b u t  a l s o  ( i n  t h e  l i t e r a l  s e n s e  o f  t h e  w o r d )  i n v a l u a b l e  
i n f o r m a t i o n  o b t a i n e d  d u r i n g  t h e  f l i g h t s  o f  t h e  a s t r o n a u t s .  

I n  t h i s  r e p o r t  I h a v e  n o t  s e t  m y s e l f  t h e  g o a l  o f  g i v i n g  a 
g e n e r a l  r e v i e w  o f  t h e  m a t e r i a l s  c o l l e c t e d ,  s i n c e  i t  w o u l d  b e  i m p o s 
s i b l e  i n  t h e  t i m e  a v a i l a b l e  t o  m e  t o  c i t e  a l l  t h e  n u m e r o u s  i n v e s 
t i g a t i o n s  c a r r i e d  o u t  i n  t h e  S o v i e t  Union a l o n e .  
.- - ~~ 

R e p o r t  p r e s e n t e d  a t  t h e  S e c o n d  I n t e r n a t i o n a l  Symposium on  t h e  
F u n d a m e n t a l  P r o b l e m s  o f  Human E x i s t e n c e  i n  O u t e r  S p a c e .  P a r i s ,  
J u n e  1 4 - 1 8 ,  1 9 6 5 .  

Numbers i n  m a r g i n  i n d i c a t e  p a g i n a t i o n  i n  o r i g i n a l  f o r e i g n  t e x t .  
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I h a v e  t h e r e f o r e  c o n f i n e d  m y s e l f  t o  e x a m i n i n g  t h e  o v e r a l l  
t r e n d s  o f  i n v e s t i g a t i o n s  i n  t h e  f i e l d  o f  e c o p h y s i o l o g y ;  c e r t a i n  
s p e c i f i c  d a t a ,  b o r r o w e d  f r o m  r e s e a r c h  i n  1 9 6 4 ,  w i l l  b e  g i v e n  o n l y  
as i l l u s t r a t i o n s  o f  s p e c i f i c  s i t u a t i o n s .  

I n  r a p i d l y  d e v e l o p i n g  f i e l d s  o f  k n o w l e d g e ,  e s p e c i a l l y  t h o s e  
w h i c h  h a v e  b e e n  c o n c e i v e d ,  s o  t o  s a y ,  on t h e  e d g e  o f  a number  o f  
s c i e n t i f i c  d i s c i p l i n e s ,  p r o b l e m s  o f t e n  a r i s e  i n  d e t e r m i n i n g  t h e  
b o u n d a r i e s  o f  i n t e r e s t  a n d  c o m p e t e n c e .  

The q u e s t i o n  i s  f a r  f r o m  b e i n g  o n e  o f  i d l e  c u r i o s i t y  a n d  I 
s h o u l d  l i k e  t o  p a u s e  b r i e f l y  a n d  e x a m i n e  i t .  

/ 6A t  t h e  p r e s e n t  t i m e ,  e c o p h y s i o l o g y  ( s p a c e  p h y s i o l o g y )  c a n  -
b e  t h o u g h t  o f  as a c e r t a i n  g r o u p  o f  b i o l o g i c a l  d i s c i p l i n e s ,  w h i c h  
s t u d y  c h a r a c t e r i s t i c s  o f  t h e  p r o c e s s e s  o f  a c t i v i t y  a n d  b e h a v i o r  o f  
l i v i n g  o r g a n i s m s  o f  E a r t h  when t h e y  a r e  u n d e r  t h e  i n f l u e n c e  o f  
t h e  c o n d i t i o n s  o f  o u t e r  s p a c e  or f l i g h t  i n  r o c k e t s .  

The c o m p l e x i t y  a n d  t h e  n u m e r o u s  p r o b l e m s  a r i s i n g  i n  s u c h  
cases  h a v e  c a u s e d  many i d e a s  a n d  m e t h o d s  t o  b e  p r o p o s e d  f o r  s o l v i n g  
t h e m ,  n o t  o n l y  t h o s e  w h i c h  d e f i n i t e l y  p e r t a i n  t o  p h y s i o l o g y ,  b u t  
a l s o  t h o s e  w h i c h  a r e  o f  i n t e r e s t  t o  t h e  a r e a s  o f  b i o c h e m i s t r y ,  
b i o p h y s i c s  a n d  o t h e r  a s p e c t s  of b i o l o g y .  

A s  a r e s u l t  o f  t h i s ,  t h e  d e t e r m i n a t i o n  o f  t h e  b o u n d a r i e s  o f  
c o m p e t e n c e  i n  s p a c e  p h y s i o l o g y  i s  o f  a r a t h e r  a r b i t r a r y  a n d  tempo
r a r y  n a t u r e .  The r a n g e  o f  i n t e r e s t  o f  t h i s  f i e l d  o f  k n o w l e d g e  i s  
o f t e n  i n t e r w o v e n  w i t h  t h e  s p h e r e  of i n t e r e s t s  i n  e x o b i o l o g y ,  g e n 
e r a l  a n d  a p p l i e d  e c o l o g y  , r a d i o b i o l o g y  a n d  s e v e r a l  o t h e r  a r e a s .  

However ,  r e g a r d l e s s  o f  w h i c h  s p e c i f i c  m e t h o d s  o f  a n a l y s i s  
a r e  u s e d  i n  s p a c e  p h y s i o l o g y ,  n o  m a t t e r  how f a r  i t  p e n e t r a t e s  i n t o  
t h e  a d j a c e n t  f i e l d s  o f  k n o w l e d g e ,  i t s  m a j o r  p u r p o s e  i s  t h e  p h y s i o 
l o g i c a l  j u s t i f i c a t i o n  o f  means a n d  m e t h o d s  f o r  m a i n t a i n i n g  n o r m a l  
a c t i v i t y  o f  o r g a n i s m s  u n d e r  e x t r e m e  c o n d i t i o n s .  

On t h e  b a s i s  o f  a t h o r o u g h  s t u d y  o f  t h e  i n f l u e n c e  on l i v i n g  
o r g a n i s m s  o f  e n v i r o n m e n t a l  f a c t o r s  a n d  t h e  many m e c h a n i s m s  o f  
t h e i r  i n f l u e n c e ,  o u r  c o n c e p t s  c o n c e r n i n g  p h y s i o l o g i c a l  means f o r  
i n c r e a s i n g  t h e  r e s i s t a n c e  o f  a n  o r g a n i s m  h a v e  b e e n  f o r m e d ;  p h y s i o 
l o g i c a l  r e c o m m e n d a t i o n s  h a v e  b e e n  d e v e l o p e d  for c o n s t r u c t i n g  d i v e r s e  
means f o r  p r o t e c t i o n  a g a i n s t  t h e  h a r m f u l  e f f e c t s  o f  u n f a v o r a b l e  
e n v i r o n m e n t a l  f a c t o r s  ; a n d  t h e  e c o l o g i c a l  c o n s t a n t s  o f  t h ' e  a r t i f i 
c i a l  i n h a b i t a b l e  e n v i r o n m e n t  h a v e  b e e n  d e t e r m i n e d .  

A t  t h e  p r e s e n t  t i m e ,  t h e  m o s t  s i g n i f i c a n t  o f  t h e  p r o b l e m s  o f  
e c o p h y s i o l o g y  i s  t h a t  o f  s t u d y i n g  t h e  i n f l u e n c e  o f  f a c t o r s  i n  t h e  
e x t e r n a l  e n v i r o n m e n t  on l i v i n g  o r g a n i s m s .  

A t t e n t i o n  t o  t h e s e  p r o b l e m s  i s  j u s t i f i e d  b y  t h e  f o l l o w i n g  
s i t u a t i o n s .  
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On t h e  o n e  h a n d ,  a s t u d y  o f  t h e  p o s s i b i l i t y  o f  m a i n t a i n i n g  
l i f e  o f  v a r i o u s  l i v i n g  s y s t e m s  a p p r o x i m a t e s  a s o l u t i o n  o f  t h e  g e n e r 
a l  b i o l o g i c a l  p r o b l e m  o f  t h e  e x i s t e n c e  o f  l i f e  i n  s p a c e ,  w h e r e  t h e  
e x t e r n a l  c o n d i t i o n s  a r e  e x t r e m e  w i t h  r e s p e c t  t o  t e r r e s t r i a l  f o r m s  
o f  l i f e .  I n  t h i s  f i e l d ,  t h e  r a n g e  o f  i n t e r e s t  i n  s p a c e  p h y s i o l o g y  
i s  i n t i m a t e l y  i n v o l v e d  w i t h  p r o b l e m s  o f  e x o b i o l o g y .  

On t h e  o t h e r  h a n d ,  k n o w l e d g e  o f  t h e  c h a r a c t e r i s t i c s  o f  t h e  
r e a c t i o n  o f  l i v i n g  o r g a n i s m s  t o  e x t r e m e  e n v i r o n m e n t a l  f a c t o r s ,  as 
w e l l  as d a t a  c o n c e r n i n g  t h e  l i m i t s  o f  t h e i r  r e s i s t a n c e  a n d  e n d u r 
a n c e  , p e r m i t  s o l u t i o n  o f  p r a c t i c a l  p r o b l e m s  c o n c e r n i n g  t h e  c r e a t i o n  
a n d  i m p r o v e m e n t  o f  b i o t e c h n i c a l  s y s t e m s  , i n  c o n j u n c t i o n  w i t h  t h e  
d e v e l o p m e n t  o f  means a n d  m e t h o d s  f o r  r a i s i n g  t h e  r e s i s t a n c e  o f  t h e  
o r g a n i s m .  

Hence , w e  m u s t  d i v i d e  t h e  e n v i r o n m e n t a l  c o n d i t i o n s  u n d e r l y i n g  	/ 7-
t h e  s t u d y  i n t o  t h o s e  f a c t o r s  t h a t  a r e  i n h e r e n t  i n  o u t e r  s p a c e  a n d  
t h o s e  w h i c h  a r e  p r o d u c e d  by t h e  c h a r a c t e r i s t i c s  o f  l i f e  a b o a r d  
s p a c e c r a f t .  

The f i r s t  g r o u p  i n c l u d e s  t h e  p h y s i c a l  f a c t o r s  o f  o u t e r  s p a c e  
( v a c u u m ,  d i f f e r e n t  t y p e s  o f  s p a c e  a n d  s o l a r  r a d i a t i o n  , c h a r a c t e r 
i s t i c s  o f  t h e  t e m p e r a t u r e  r e g i m e ,  e t c . ) .  

The s e c o n d  g r o u p  i n c l u d e s  t h e  f a c t o r s  p r o d u c e d  b y  t h e  a r t i f i 
c i a l  e n v i r o n m e n t  o f  t h e  s p a c e  c r a f t  ( p r e s s u r e ,  g a s  c o m p o s i t i o n  o f  
t h e  a t m o s p h e r e ,  t e m p e r a t u r e ,  e t c .  ) a n d  t h e  d y n a m i c  f a c t o r s  a s s o c i 
a t e d  w i t h  f l i g h t  ( a c c e l e r a t i o n ,  v i b r a t i o n ,  w e i g h t l e s s n e s s ,  e t c . ) .  

I n  a d d i t i o n  t o  a s t u d y  o f  t h e  p h y s i o l o g i c a l  e f f e c t  o f  e a c h  
o f  t h e s e  f a c t o r s ,  more  a t t e n t i o n  i s  b e i n g  p a i d  e a c h  y e a r  t o  s t u d i e s  
f o r  a s c e r t a i n i n g  t h e  c h a r a c t e r i s t i c s  o f  t h e  c o m p l e x  i n t e r a c t i o n  
( i n  v a r i o u s  c o m b i n a t i o n s )  o f  t h e s e  f a c t o r s .  

I n  s p i t e  o f  t h e  t e c h n i c a l  d i f f i c u l t i e s  i n v o l v e d  i n  t h e s e  
e x p e r i m e n t s ,  t h e i r  s p e c i f i c  i m p o r t a n c e  i n  r e s e a r c h  p r o g r a m s  i s  
g r o w i n g  c o n s t a n t l y .  

N e v e r t h e l e s s  , i t  i s  s t i l l  q u i t e  i m p o r t a n t  t o  h a v e  a c t u a l  
s t u d i e s  o f  t h e  r e s i s t a n c e  o f  o r g a n i s m s  t o  e x t r e m e  f a c t o r s ,  i n c l u d i n g  
t h e  n a t u r a l  s p a c e  e n v i r o n m e n t .  The i m p o r t a n c e  o f  t h i s  p r e m i s e  h a s  
b e e n  c o n f i r m e d  b y  t h e  f l i g h t  o f  t h e  “ V o s k h o d - 2 ” .  

T h u s ,  i n  r e c e n t  t i m e s  a s i g n i f i c a n t  number  o f  r e s e a r c h  p r o 
j e c t s  h a s  b e e n  c a r r i e d  o u t  t o  s t u d y  t h e  r e a c t i o n  o f  o r g a n i s m s  a n d  
i n d i v i d u a l  c e l l s  a t  low a n d  s u p e r l o w  t e m p e r a t u r e s .  The i n v e s t i g a 
t i o n s  i n  t h e  l a b o r a t o r y  o f  L .  K .  L o z i n - L o z i n s k i y  h a v e  shown t h a t  
among t h e  d i f f e r e n t  a n i m a l  p h y l a  ( t h e  v e r t e b r a t e s  s h o u l d  b e  ex
c l u d e d )  t h e r e  a r e  r e p r e s e n t a t i v e s  whose  b i o l o g i c a l  a n d  e c o l o g i c a l  
c h a r a c t e r i s t i c s  r e n d e r  them c a p a b l e  o f  e n d u r i n g  e x t r e m e l y  low 
t e m p e r a t u r e s ,  a l l  t h e  way t o  t e m p e r a t u r e s  n e a r  a b s o l u t e  z e r o .  
F u r t h e r m o r e  , a l m o s t  a l l  c e l l s  , i n c l u d i n g  t h o s e  o f  v e r t e b r a t e s  , a r e  
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p o t e n t i a l l y  r e s i s t a n t  t o  c o o l i n g  b e l o w  -80°, a n d  e v e n  ( w i t h  p r o t e c 
t i v e  s u b s t a n c e s )  t o  - 2 6 9 O .  Under  c o n d i t i o n s  o f  c o m p l e t e  a n a b i o s i s  
o f  l i v i n g  s y s t e m s  a t  t h e  t e m p e r a t u r e  o f  l i q u i d  g a s e s ,  l i f e  c a n  
a p p a r e n t l y  b e  c o n s e r v e d  f o r  a n  i n d e f i n i t e  t i m e  w i t h o u t  l o w e r i n g  t h e  
c a p a c i t y  o f  t h e  e n t i r e  o r g a n i s m  or i t s  c e l l s .  The  r e s u l t s  o f  t h e  
a b o v e  e x p e r i m e n t s  w i t h  u n i c e l l u l a r  o r g a n i s m s  a n d  w i t h  i n s e c t s  a r e  
o f  g r e a t  s i g n i f i c a n c e  f o r  s p a c e  b i o l o g y .  A p p a r e n t l y ,  low t e m p e r 
a t u r e s  ( i n c l u d i n g  s u p e r c o o l i n g )  c a n  n o t  s e r v e  as a n  o b s t a c l e  t o  
m a i n t a i n i n g  l i f e  f o r  b a c t e r i a ,  f u n g i ,  i n v e r t e b r a t e s  , a n d  p o s s i b l y  
e v e n  c e r t a i n  p o i k i l o t h e r m i c  v e r t e b r a t e s .  

D e t e r m i n i n g  t h e  l i m i t s  o f  s a f e  r e v e r s i b l e  c o o l i n g  o f  l i v i n g  
s y s t e m s  m u s t  o c c u p y  a n  e v e n  g r e a t e r  p l a c e  i n  r e s e a r c h .  I n  t h i s  
c a s e ,  s e r i o u s  a t t e n t i o n  m u s t  b e  p a i d  t o  s t u d y  a t  t h e  c e l l u l a r  a n d  
m o l e c u l a r  l e v e l s ,  w h i c h  w i l l  p e r m i t  a c l o s e r  a p p r o a c h  t o  a n  u n d e r 

/ 8s t a n d i n g  o f  t h e  r e s i s t a n c e  o f  l i v i n g  s y s t e m s  t o  low a n d  s u p e r l o w  -
c o o l i n g .  

We c a n  e x p e c t  new d a t a  i n  t h i s  d i r e c t i o n  t h a t  i s  b o t h  s i g 
n if i c a n t  a n d  i n t e r e s t  i n  g . 

S t u d i e s  o f  c r y o l y s i s ,  r a d i o l y s i s  a n d  p h o t o l y s i s ,  as w e l l  a s  
t h e i r  c o m b i n e d  e f f e c t  on t h e  m o l e c u l e s  o f  n u c l e o p r o t e i n s  , u n d o u b t e d l y  
w i l l  p r o v i d e  new d a t a  f o r  d e t e r m i n i n g  t h e  e f f e c t  o f  a number  o f  
p h y s i c a l  a g e n t s  on t h e  r e s i s t a n c e  or d e s t r u c t i o n  o f  l i v i n g  s y s t e m s .  

T h u s ,  f o r  e x a m p l e ,  M .  A .  Khenokh f o u n d  a number  o f  q u a l i t a 
t i v e  c h a n g e s  i n  a l b u m e n  a n d  d e s o x y n u c l e o p r o t e i d s  u n d e r  t h e  i n f l u 
e n c e  of d e e p  f r e e z i n g  a n d  a l s o  w i t h  t h e  c o m p l e x  i n f l u e n c e  o f  c o o l 
i n g  a n d  r a d i a t i o n  ( y - r a y s  o f  C o 6 0  a n d  u l t r a v i o l e t  r a d i a t i o n ) .  

I t  was shown t h a t  f r e e z i n g  ( - 7 8 O )  o f  s o l u t i o n s  o f  d e s o x y n u 
c l e o p r o t e i d s  (DNP) w i l l  r e s u l t  i n  p r e c i p i t a t i o n  o f  t h e  r e s i d u e  , 
s i n c e  i n  t h e  l i q u i d  p h a s e  t h e r e  i s  i n c r e a s e  i n  t h e  c h a r a c t e r i s t i c  
v i s c o s i t y ,  a d r o p  i n  m o l e c u l a r  w e i g h t  and  a n  i n c r e a s e  i n  t h e  
a symmet ry  o f  t h e  m o l e c u l e s .  

The e f f e c t  o f  y - r a y s ,  d e p e n d i n g  on d o s a g e ,  c h a n g e s  t h e  m o l e c 
u l a r  w e i g h t  a n d  t h e  d e g r e e  o f  m o l e c u l a r  a g g r e g a t i o n .  Wi th  l a r g e  
d o s a g e s  , m o l e c u l a r  a g g r e g a t i o n  o c c u r s  a l o n g  t h e  l o n g i t u d i n a l  a x i s  
w i t h  t h e  f o r m a t i o n  o f  r a t h e r  r a m i f i e d  m o l e c u l e s .  I n  f r o z e n  s o l u 
t i o n s ,  t h e s e  phenomena  o c c u r  more i n t e n s e l y .  R a d i a t i o n  by  u l t r a 
v i o l e t  p r o d u c e s  d i s p l a c e m e n t s  a n a l o g o u s  t o  r a d i o l y s i s .  

Under  t h e  i n f l u e n c e  o f  y - r a y s ,  a t  b o t h  p o s i t i v e  a n d  n e g a t i v e  
t e m p e r a t u r e s ,  a b r e a k d o w n  w a s  o b s e r v e d  i n  t h e  b o n d  b e t w e e n  a l b u m i n  
a n d  D N A .  P r o d u c t s  c o n t a i n i n g  n i t r o g e n  a n d  p h o s p h o r u s  were  d e t e c t e d  
i n  t h e  d i a l y s a t e .  

A c c o r d i n g  t o  t h e  d a t a  o f  A . A .  I m s h e n e t s k i y  e t  a l ,  s e v e r a l  
enzymes  u n d e r g o  c h a n g e s  u n d e r  t h e  i n f l u e n c e  o f  l ow t e m p e r a t u r e s .  
By u s i n g  p o l a r o g r a p h y ,  i t  w a s  $own t h a t  u n d e r  t h e s e  c o n d i t i o n s  t h e  
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a l b u m i n  u n d e r g o e s  m o l e c u l a r  r e a r r a n g e m e n t ,  i n  w h i c h  i t  is t h e  hy
d r o g e n  b o n d s  w h i c h  b a s i c a l l y  p a r t i c i p a t e .  The a c t i v a t i o n  e n e r g y  
d r o p s  m o s t  s h a r p l y  w i t h  l o w e r i n g  o f  t h e  t e m p e r a t u r e  t o  - 3 O ,  s i n c e  
i n  s u c h  cases  t h e  l o w e r i n g  o f  t h e  a c t i v a t i o n  e n e r g y  i s  a s s o c i a t e d  
w i t h  i n t r a m o l e c u l a r  r e o r g a n i z a t i o n  o f  t h e  enzyme ( t y p s i n ) .  

For s p a c e  p h y s i o l o g y ,  i t  i s  o f  c o n s i d e r a b l y  i n t e r e s t  t o  s t u d y  
t h e  c o o l i n g  o f  h i g h e r  a n i m a l s ,  e s p e c i a l l y  i n  t h e  l i g h t  o f  s t u d y i n g  
t h e  p o s s i b i l i t i e s  o f  a r t i f i c i a l  h y p o t h e r m y  a n d  a n a b i o s i s .  The 
h i g h  r e s i s t a n c e  o f  a r t i f i c i a l l y  c o o l e d  o r g a n i s m s  t o  o x y g e n  s t a r v a 
t i o n  i s  w e l l  known,  as w e l l  as t o  s e v e r a l  o t h e r  h a r m f u l  a g e n t s .  
T h i s  g i v e s  a b a s i s  f o r  a s s u m i n g  t h e  p o s s i b l e  u s e  o f  a s i m i l a r  
t y p e  o f  b i o l o g i c a l  p r o t e c t i o n  r e l a t i v e  t o  t h e  e m e r g e n c y  c o n d i t i o n s  
o f  s p a c e  f l i g h t  (N.N. S i r o t i n i n ,  G . D .  G l o d ,  e t  a l . ) .  

The d a t a  o b t a i n e d  i n d i c a t e  t h e  c a p a c i t y  o f  a n i m a l s  i n  a s t a t e  
o f  a r t i f i c i a l  h y p o t h e r m y  t o  s a f e l y  e n d u r e  a c c e l e r a t i o n s  w h i c h  a r e  
l a r g e  a n d  o f  l o n g  d u r a t i o n ,  t h e  e f f e c T s  o f  i o n i z i n g  r a d i a t i o n ,  a n d  
o t h e r  f a c t o r s  (V.I. D a n i l e y k o ,  G . D .  G l o d ,  V . S .  Oganov,  N . N .  Timo- 
f e y e v ,  e t  a l . ) .  I n  a s t a t e  o f  r e v e r s i b l e  d e e p  c o o l i n g  ( b o d y  
t e m p e r a t u r e  + 3 O )  w h i t e  l a b o r a t o r y  r a t s  m a i n t a i n  v i a b i l i t y  a f t e r  e f 
f e c t s  ( a c c e l e r a t i o n ,  h y p o x i a )  w h i c h  a r e  a b s o l u t e l y  i n t o l e r a b l e  t o  
n o r m a l  a n i m a l s  (G.D. G l o d  e t  a l . ) .  

U n f o r t u n a t e l y ,  a t  t h e  p r e s e n t  t i m e  t h e  m e t h o d s  o f  s a f e  a r t i 
f i c i a l  d e p r e s s i o n  o f  r e a c t i v i t y  f o r  a l o n g  p e r i o d  of t i m e  h a v e  n o t  
b e e n  p e r f e c t e d ;  h e n c e ,  r e s e a r c h  i n  t h i s  d i r e c t i o n  d e s e r v e s  w o r l d 
w i d e  c o n s i d e r a t i o n .  

W i t h  e n t r y  i n t o  f r e e  o u t e r  s p a c e ,  u n d e r  known c o n d i t i o n s ,  we 
may a l s o  e x p e c t  e f f e c t s  p r o d u c e d  b y  h y p o t h e r m y .  

T h i s  p r o b l e m  m u s t  a l s o  b e  c o n s i d e r e d  i n  t h e  e v a l u a t i o n s  o f  
p h y s i o l o g i s t s  , e s p e c i a l l y  by t a k i n g  i n t o  a c c o u n t  t h e  s p e c i f i c  con
d i t i o n s  o f  h e a t  e x c h a n g e  a t  z e r o  g r a v i t y .  A s  f a r  as t h e  d e t e r m i 
n a t i o n  o f  t h e  b o u n d a r i e s  of e n d u r a n c e  o f  h i g h  t e m p e r a t u r e s  i s  c o n 
c e r n e d ,  i n  t h i s  f i e l d  o f  e c o p h y s i o l o g y  w e  c a n  u s e  t h e  h u g e  amount  
o f  d a t a  a v a i l a b l e  f r o m  o t h e r  f i e l d s  o f  p h y s i o l o g y  a n d  p r o f e s s i o n a l  
m e d i c i n e .  

A s e c o n d  i m p o r t a n t  e x t r e m e  f a c t o r  i n  o u t e r  s p a c e  i s  t h e  h i g h  
vacuum. R e s e a r c h  c a r r i e d  o u t  r e c e n t l y  b y  A . A .  I m s h e n e t s k i y  e t  a l .  
h a s  c o n f i r m e d  t h e  h i g h  r e s i s t a n c e  o f  a number  o f  m i c r o o r g a n i s m s  
t o  t h i s  f a c t o r .  Thus A s p e r g i l l u s  t e r r e u s  , M i c r o c o c c u s  a u r e u s  a n d  
s e v e r a l  a 1  ae ( C h l o r e l l a  v u l g a r i s  a n d  o t h e r s )  e n d u r e  a vacuum o f  

- m m  Hg q u i t e  w e l l .  T h e s e  d a t a  h a v e  g r e a t  s i g n i f i c a n c e  
f o r  e x o b i o l o g y ,  p a r t i c u l a r l y  f o r  c o n s i d e r i n g  p r o b l e m s  o f  t r a n s s p e r m y .  
However ,  i t  i s  w e l l  known t h a t  f o r  more  o r g a n i z e d  l i v i n g  s u b s t a n c e s  
t h e  e f f e c t  o f  e v e n  s m a l l  d e g r e e s  o f  vacuum h a s  f a t a l  c o n s e q u e n c e s .  

The v a r i o u s  t y p e s  o f  r a d i a t i o n  a r e  d i i f e r e n t i a t e d  b y  b a s i c  
b i o l o g i c a l  a c t i v i t y .  
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I t  w a s  a s s u m e d  t h a t  u l t r a v i o l e t  r a y s  i n  o u t e r  s p a c e  a r e  a b s o 
l u t e l y  f a t a l  t o  l i v i n g  o r g a n i s m s .  However ,  t h e r e  a r e  many f a c t o r s  
w h i c h  o p p o s e  t h i s  v i e w .  I n  p a r t i c u l a r ,  w e  may m e n t i o n  p h o t o r e a c t i 
v a t i o n ,  or s c r e e n i n g  t h e  e f f e c t s  o f  v a r i o u s  c h e m i c a l  m a t e r i a l s  i n 
c l u d e d  i n  t h e  c o m p o s i t i o n  o f  t h e  c e l l s  a n d  t h e i r  membranes  ( f o r  
e x a m p l e  , p i g m e n t s ) ,  w h i c h  a r e  c a p a b l e  o f  i n c r e a s i n g  t h e  o v e r a l l  r e 
s i s t a n c e  t o  u l t r a v i o l e t  o f  t h e  c y t o p l a s m  a n d  t h e  n u c l e u s .  I t  i s  
q u i t e  p r o b a b l e  t h a t  t h e  h a r m f u l  e f f e c t  o f  u l t r a v i o l e t  r a d i a t i o n  on 
t e r r e s t r i a l  o r g a n i s m s  i s  due  f i r s t  o f  a l l  t o  t h e  f a c t  t h a t  u n d e r  
t e r r e s t r i a l  c o n d i t i o n s  t h e  o r g a n i s m s  h a v e  n o t  a d a p t e d  t o  i t  or p e r 
h a p s  h a v e  l o s t  t h e i r  r e s i s t a n c e  i n  t h e  p r o c e s s  o f  e v o l u t i o n .  I t  i s  
i n t e r e s t i n g  t h a t  t h e  enzyme o f  p h o t o r e a c t i v a t i o n  may b e  u s e d  o n l y  
when i r r a d i a t i n g  c e l l s  w i t h  r a y s  t h a t  h a v e  n o t  r e a c h e d  t h e  s u r f a c e  
o f  t h e  E a r t h .  A t  t h e  same t i m e ,  i o n i z i n g  r a d i a t i o n  l o w e r s  t h e  
e f f e c t  o f  p h o t o r e a c t i v a t i o n .  

C y t o l o g i c a l  s t u d i e s  o f  t h e  e f f e c t s  o f  s h o r t - w a v e  u l t r a v i o l e t  /10 

r a d i a t i o n  a r e  o f  e v e n  more  i n t e r e s t  f o r  s p a c e  p h y s i o l o g y .  P h y s i 
o l o g i c a l  , c y t o c h e m i c a l  a n d  m o r p h o l o g i c a l  c h a n g e s  i n  c e r t a i n  i n f u s o r i a  
may b e  s e n s i t i v e  i n d i c a t o r s  o f  t h e  b i o l o g i c a l  e f f e c t  o f  u l t r a v i o l e t  
r a d i a t i o n  a n d  t h u s  s e r v e  as u n i q u e  d o s i m e t e r s .  

F o r  s p a c e  p h y s i o l o g y  d e a l i n g  w i t h  l o n g - t e r m  f l i g h t s ,  c e r t a i n  
p r a c t i c a l  s i g n i f i c a n c e  w i l l  b e  f o u n d  i n  t h e  p r o b l e m  o f  " u l t r a 
v i o l e t  s t a r v a t i o n " ,  d e t e r m i n i n g  t h e  n e c e s s a r y  l e v e l  o f  r a d i a t i o n  
o f  t h e  crew o f  t h e  s p a c e c r a f t .  

On t h e  o t h e r  h a n d ,  t h e  e q u i p m e n t  d e s i g n e d  f o r  a s t r o n a u t s  o u t 
s i d e  t h e  s p a c e  c r a f t  m u s t  n a t u r a l l y  p r o v i d e  p r o t e c t i o n  a g a i n s t  
h a r m f u l  e f f e c t s  f r o m  u l t r a v i o l e t  r a d i a t i o n .  I n  s u c h  c a s e ,  h o w e v e r ,  
numerous  p r o b l e m s  a r i s e  w h i c h  a r e  a s s o c i a t e d  w i t h  t h e  s e l e c t i o n  o f  
s u i t a b l e  m a t e r i a l s  u s e d  f o r  c o n s t r u c t i n g  s u c h  e q u i p m e n t .  

I n c o m p a r a b l y  more  s e r i o u s  i s  t h e  d a n g e r  o f  i o n i z i n g  r a d i a t i o n .  
However ,  t h i s  s p e c i a l  p r o b l e m ,  p e r t a i n i n g  t o  t h e  a r e a  o f  r a d i o -
b i o l o g y ,  w i l l  n o t  b e  d i s c u s s e d  h e r e ,  a l t h o u g h  i n  a number  o f  i t s  
i m p o r t a n t  a s p e c t s  i t  i s  i n t i m a t e l y  a s s o c i a t e d  w i t h  p r o b l e m s  o f  
s p a c e  p h y s i o l o g y .  T h i s  i s  e s p e c i a l l y  t r u e  f o r  t h e  s t u d y  o f  t h e  
c o m b i n e d  e f f e c t  on a n  o r g a n i s m  o f  a number  o f  f a c t o r s  i n c l u d i n g  
r a d i a t i o n .  

A g o o d  m o d e l  f o r  s u c h  i n v e s t i g a t i o n s  i s  t h e  more  or l e s s  com
p l e t e  a r t i f i c i a l  s i m u l a t i o n  u n d e r  l a b o r a t o r y  c o n d i t i o n s  o f  o u t e r  
s p a c e  as w e l l  as c o n d i t i o n s  on a n y  o t h e r  p l a n e t s .  

I n  t h i s  r e s p e c t ,  I m u s t  b r i e f l y  m e n t i o n  t h e  r e s e a r c h  b e i n g  
c a r r i e d  o u t  on  m o d e l i n g  t h e  M a r t i a n  c l i m a t e .  

An e x p e r i m e n t a l  c h a m b e r  h a s  i m u l a t e d  t h e  c o n d i t i o n s  on Mars, 
b a s e d  on  g a s  c o m p o s i t i o n  o f  t h e  a t m o s p h e r e ,  p r e s s u r e ,  t e m p e r a t u r e  a n d  
u l t r a v i o l e t  r a d i a t i o n .  I t  h a s  b e e n  shown t h a t  o f  t h e s e  f a c t o r s ,  i t  
i s  o n l y  t h e  u l t r a v i o l e t  r a d i a t i o n  w h i c h  h a s  l i m i t e d  t h e  l i f e  c a p a c 
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i t y  o f  m i c r o o r g a n i s m s .  The g r e a t e s t  r e s i s t a n c e  w a s  t h a t  o f  b a c t e r i a  
w h i c h  f o r m  s p o r e s  a n d  p i g m e n t  m i c r o o r g a n i s m s .  I n  p a r t i c u l a r ,  
f u n g i  ( w h i c h  f o r m  a b l a c k  p i g m e n t )  d i d  n o t  p e r i s h  a t  a U V  r a d i a t i o n  
d o s a g e  e q u a l  t o  4.04-108 e r g / c m 2 ,  w h i c h  a g a i n  d e m o n s t r a t e s  t h e  p r o 
t e c t i v e  r o l e  o f  pLgment ( A . I .  Zhukova e t  a l . ) .  

I n  t h e  a b o v e - m e n t i o n e d  s t u d i e s  i t  w a s  shown t h a t  n o t  o n l y  do 
v e r y  t h i n  l a y e r s  o f  s o i l  g i v e  p r o t e c t i o n  f r o m  t h e  b a c t e r i c i d a l  
e f f e c t  o f  u l t r a v i o l e t  r a d i a t i o n ,  b u t  t h e  c e l l s  o f  t h e  m i c r o b e s  them
s e l v e s  p r o v i d e  p r o t e c t i o n .  T h u s ,  f o r  e x a m p l e ,  a s c r e e n  o f  o n e  l a y e r  
o f  c e l l s  ( 1 . 9  p i n  d i a m e t e r )  r e d u c e s  t h e  b a c t e r i c i d a l  e f f e c t  o f  t h e  
r a y s  b y  a f a c t o r  o f  4 .  

I n  p a s s i n g ,  l e t  m e  m e n t i o n  t h a t  i n  t h e  l a b o r a t o r y  o f  
L o z i n s k i y ,  t h e  c y c l e  o f  d e v e l o p m e n t  o f  t e r r e s t r i a l  i n f u s o r i a  w a s  
a l s o  s t u d i e d  u n d e r  c o n d i t i o n s  a p p r o x i m a t i n g  t h o s e  o f  Mars. Here 
i t  w a s  shown t h a t  t h e s e  i n f u s o r i a  c a n  a d a p t  t o  t h e  c o n d i t i o n s  o f  
d i u r n a l  c h a n g e  i n  t e m p e r a t u r e  o b s e r v e d  on Mars a n d  t o  a p e r i o d i c  
d r y i n g  a n d  f r e e z i n g  t o  - 7 8 O .  T h i s  u n i c e l l u l a r  a n i m a l  i m i t a t e s  w e l l  
a n  o r g a n i s m  w h i c h  c o u l d  e x i s t  u n d e r  c o n d i t i o n s  o f  M a r t i a n  s o i l  or 
i n  a p l a n t  l a y e r  f r o m  t h e  s u r f a c e  o f  t h i s  p l a n e t .  S u c h  a r e s i s t a n c e  
on t h e  p a r t  o f  i n f u s o r i a  i s  a p p a r e n t l y  d u e  t o  t h e i r  h i g h  r e s i s t a n c e  
t o  c o l d  as  a r e s u l t  o f  t h e i r  a b i l i t y  t o  e n d u r e  loss o f  w a t e r .  

The e x a m p l e s  c i t e d  g i v e  some i d e a  o f  t h e  a s t o n i s h i n g  a d a p t i v 
i t i e s  o f  d i f f e r e n t  members  o f  t h e  t e r r e s t r i a l  o r g a n i c  w o r l d .  

D i s c o v e r y  o f  t h e  i n t i m a t e  m e c h a n i s m s  o f  t h e  a d a p t a t i o n  o f  
l i v i n g  s u b s t a n c e s  t o  t h e  e x t r e m e  c o n d i t i o n s  o f  s p a c e  o p e n s  t h e  
way t o  i n c r e a s i n g  t h e i r  r e s i s t a n c e  a n d  t o  t h e  p o s s i b l e  means o f  
c o n s t r u c t i n g  p r o t e c t i v e  m e a s u r e s .  

Now l e t  u s  r e t u r n  t o  t h e  p h y s i o l o g i c a l  e v a l u a t i o n  o f  t h e  r o l e  
o f  t h e  d y n a m i c  f a c t o r s  o f  f l i g h t ,  w h i c h  f r o m  t h e  v i e w p o i n t  o f  t h e  
c u r r e n t  s t a t e  o f  d e v e l o p m e n t  o f  a s t r o n a u t i c s  , may p o s s i b l y  h a v e  
e v e n  g r e a t e r  s i g n i f i c a n c e  t h a t  t h e  f a c t o r s  a n a l y z e d  a b o v e .  

A h u g e  amount  o f  r e s e a r c h ,  i n c l u d i n g  t h e  f u n d a m e n t a l  a n d  
l o n g - t e r m  s t u d i e s  o f  many a u t h o r s ,  h a s  b e e n  d e v o t e d  t o  p h y s i o l o g i 
c a l  a n a l y s i s  a n d  t o  d e t e r m i n i n g  t h e  b o u n d a r i e s  o f  e n d u r a n c e  o f  
a c c e l e r a t i o n .  

Wi th  r e s p e c t  t o  t h e  p r a c t i c a l  r e q u i r e m e n t s  of a s t r o n a u t i c s  , 
p r i m a r y  a t t e n t i o n  h a s  b e e n  p a i d  t o  t h e  p r o b l e m  o f  t r a n s v e r s e  s t r e s s ,  
t h a t  o f  t h e  t r a n s i t i o n  f r o m  e x c e s s  w e i g h t  t o  w e i g h t l e s s n e s s ,  a n d  
a l s o  t o  t h e  p r o b l e m  o f  w e i g h t l e s s n e s s  i t s e l f .  T h i s  b r a n c h  o f  
s p a c e  p h y s i o l o g y  i s  b e i n g  r a p i d l y  d e v e l o p e d  a t  t h e  p r e s e n t  t i m e .  

I t  i s  n o t  f e a s i b l e  t o  l i s t  e v e n  t h e  m o s t  e s s e n t i a l  a c h i e v e 
m e n t s  i n  t h i s  f i e l d .  For now, l e t  u s  r e s t r i c t  o u r s e l v e s  t o  u n c l e a r  
a n d  p o o r l y  d e v e l o p e d  p r o b l e m s .  
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The i n v e s t i g a t i o n s  u n d e r t a k e n  by  Y a .  A .  V i n i k o v ,  V .  G .  Y e l i s e y e v ,  
e t  a l .  , u s i n g  e l e c t r o n - m i c r o s c o p i c  a n d  h i s t o c h e m i c a l  m e t h o d s  h a v e  
p e r m i t t e d  a new l o o k  a t  t h e  c h a n g e  i n  t h e  s t r u c t u r e  a n d  f u n c t i o n s  
o f  c e l l s  o f  v a r i o u s  o r g a n i s m s  a n d  t i s s u e s  i n  r e s p o n s e  t o  t h e  e f f e c t  
o f  a c c e l e r a t i o n .  

I t  i s  s t i l l  t o o  e a r l y  t o  g i v e  a n y  r e s u l t s  f r o m  t h e s e  i n v e s t i 
g a t i o n s .  However ,  t h e  i m p r e s s i o n  i s  g r o w i n g  t h a t  h e r e  we s h a l l  
e n c o u n t e r  a r a t h e r  c o m p l e x  p a t h o g e n e t i c  mechan i sm o f  c e l l u l a r  i n 
j u r y .  T h i s  i n j u r y  a p - p a r e n t l y  i s  n o t  a l w a y s  e v i d e n t  i n  t h e  d y n a m i c s  
o f  e x t e r n a l  i n a i c a t i o n s  o f  t h e  p h y s i o l o g i c a l  f u n c t i o n s ,  w h e r e a s  
s u b s e q u e n t  damage t o  t h e  enzyme s y s t e m s ,  c h a n g e s  i n  t h e  m e t a b o l i s m  
a n d  e v e n  i n j u r y  t o  t h e  c e l l u l a r  s t r u c t u r e  c a n  b e  v e r y  d i s t i n c t l y  ob
s e r v e d .  

I t  s e e m s  t o  me t h a t  i n  t h e  f i e l d  o f  p h y s i o l o g y  o f  a c c e l e r a t i o n ,  
b e s i d e s  t h e  a t t e n t i o n  i t  d e s e r v e s  a n d  t h e  a p p r o p r i a t e  s t u d y  o f  
t h e  g e n e r a l  m e c h a n i s m s  o f  r e g u l a t i n g  t h e  f u n c t i o n s ,  it i s  e v e n  
more i m p o r t a n t  t o  s t u d y  t h e  p r o c e s s e s  w h i c h  o c c u r  a t  t h e  c e l l u l a r  
a n d  s u b c e l l u l a r  l e v e l s .  

I n  t h i s  r e s p e c t  I w i s h  t o  m e n t i o n  t h a t  e a r l i e r ,  i n  s t u d y i n g  /12-
t h e  e f f e c t  o f  s p a c e  f l i g h t  on t h e  n u c l e i  o f  c e l l s  i n  t h e  b o n e  m a r 
row a n d  s p l e e n  o f  m i c e ,  N.P. D u b i n i n ,  M . A .  A r s e n ' y e v a  e t  a1  d i s 
c o v e r e d  t h e  o c c u r r e n c e  o f  c e r t a i n  p e c u l i a r  i n j u r i e s  t o  t h e  n u c l e i  
o f  t h e  c e l l s ,  i n  t h e  f o r m  o f  a d h e s i o n  o f  chromosomes  a n d  a s l i g h t  
i n c r e . a s e  i n  t h e  f r e q u e n c y  o f  m u t a t i o n s .  

The s t u d i e s  t h e n  c a r r i e d  o u t  u n d e r  t e r r e s t r i a l  c o n d i t i o n s  i n 
d i c a t e d  t h a t  v i b r a t i o n s  ( 3 5 - 7 0  Hz, 6 0  m i n )  i n f l u e n c e  t h e  m i t o t i c  
a c t i v i t y  o f  t h e  c e l l s  a n d  p r o d u c e  d i s o r d e r s ,  s i m i l a r  t o  t h o s e  w h i c h  
w e r e  o b s e r v e d  a f t e r  s p a c e  f l i g h t .  

E x p e r i m e n t s  on m i c e  i n  s t u d y i n g  t h e  e f f e c t  o f  a c c e l e r a t i o n s ,  
c a r r i e d  o u t  i n  a c e n t r i f u g e  w i t h  a c c e l e r a t i o n  f r o m  8 t o  2 0  g ,  showed 
t h a t  t h i s  p h y s i c a l  f a c t o r  e x e r t s  an i n f l u e n c e  on t h e '  n u c l e u s  o f  
t h e  c e l l  s i m i l a r  t o  t h a t  o f  v i b r a t i o n s .  

A n a l o g o u s  phenomena  w e r e  o b s e r v e d  i n  e x p e r i m e n t s  d u r i n g  f r e e  
f l i g h t  o f  a n  a i r c r a f t  a l o n g  t h e  K e p l e r  p a r a b o l a ,  w i t h  c o m b i n e d  
e f f e c t s  o f  v i b r a t i o n  , a c c e l e r a t i o n  a n d  w e i g h t l e s s n e s s .  The i n c l u 
s i o n  i n  t h e  e x p e r i m e n t  of a f a c t o r  s u c h  as  t h e  c o n d i t i o n  o f  
w e i g h t l e s s n e s s ,  r e s u l t e d  i n  a r e a l  i n c r e a s e  i n  t h e  f r e q u e n c y  of 
f r a g m e n t a t i o n  a n d  (we m i g h t  also a s s u m e )  t o  a n o n - d i v i s i o n  o f  t h e  
chromosomes  as w e l l .  

T h u s ,  a s t u d y  o f  t h e  e f f e c t  o f  t h e  d y n a m i c  f a c t o r s  o f  f l i g h t ,  
i n c l u d i n g  t h e i r  e f f e c t s  f r o m  r a d i a t i o n ,  showed t h a t  t h e  e f f e c t  
o f  t h e s e  f a c t o r s  w i l l  r e s u l t  i n  d i s o r d e r s  i n  c e l l  d i v i s i o n .  

We may a s s u m e  t h a t  t h e  c h a n g e  i n  t h e  n o r m a l  p r o c e s s  o f  d i v i s i o n  
u n d e r  t h e  c o n d i t i o n s  d e s c r i b e d  i s  a c c o m p l i s h e d  b o t h  i n d i r e c t l y  
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t h r o u g h  h o r m o n a l  a n d  immunal  c h a n g e s  i n  t h e  o r g a n i s m  a n d  p o s s i b l y  
as a r e s u l t  o f  a d i r e c t  p h y s i c a l  e f f e c t  o f  t h e  a b o v e  f a c t o r s  on  
t h e  a p p a r a t u s  o f  t h e  c e l l ,  ( a d h e s i o n  o f  t h e  chromosomes  a t  d i f f e r 
e n t  s t a g e s  o f  t h e  c e l l u l a r  c y c l e ,  d i s p l a c e m e n t  o f  t h e  chromosomes  
a n d  t h e i r  e x p u l s i o n  f r o m  t h e  s p i n d l e ) .  O b v i o u s l y  t h e  b a s i s  o f  
t h e s e  phenomena  i s  t h e  s u p p r e s s i o n  o f  t h e  p r o c e s s  w h i c h  d e v e l o p s  
d i v i s i o n  o f  t h e  c e l l ,  a n d  a l s o  d i s o r d e r  i n  t h e  f u n c t i o n  o f  t h e  
a p p a r a t u s  o f  d i v i s i o n .  

The l o n g - t e r m  e f f e c t  of  t h e  d i f f e r e n t  f a c t o r s  p r o d u c i n g  d i s 
o r d e r  i n  t h e  m e t a b o l i s m  o f  t h e  c e l l  may l e a d  t o  a n  e l o n g a t i o n  o f  
t h e  c e l l  c y c l e  a n d  t o  t h e  s u p p r e s s i o n  o f  t h e  s y n t h e s i s  o f  d e s o x 
y r i b o n u c l e i c  a c i d  a n d  t o  t h e  a p p e a r a n c e  o f  d i f f e r e n t  r e s t r u c t u e i n g  
o f  t h e  ch romosomes .  A n a l y s i s  of t h e  s e n s i t i v i t y  o f  i n d i v i d u a l  
p h a s e s  o f  t h e  c e l l u l a r  c y c l e  i n  t h e  b o n e  m a r r o w ,  i n  v i ew o f  t h e  
i n f l u e n c e  on mice o f  v i b r a f i o n  a n d  r o t a t i o n  i n  a c e n t r i f u g e ,  showed  
t h a t  i t  i s  t h e  s t a g e s  o f  p r e s y n t h e s i s  a n d  s y n t h e s i s  o f  d e x o x y r i b o n u 
c l e i c  a c i d  t h a t  a r e  m o s t  s e n s i t i v e  t o  t h e s e  e f f e c t s .  

S t u d y  o f  t h e  p r o t e c t i v e  s u b s t a n c e s  p r o d u c e d  by  t h e  u n f a v o r a b l e  
e f f e c t s  o f  v i b r a t i o n s  showed t h a t  s e v e r a l  o f  t hem,  f o r  e x a m p l e  
s e r o t o n i n ,  p r o t e c t  t h e  c e l l s  o f  t h e  b o n e  marrow f r o m  s u c h  d i s o r d e r s  
as a d h e s i o n  o f  t h e  ch romosomes .  

Here w e  may l i s t  s e v e r a l  o f  t h e  i n s u f f i c i e n t l y  s t u d i e d  f a c t s  
w h i c h  c h a r a c t e r i z e  c h a n g e  a t  t h e  c e l l u l a r  a n d  s u b - c e l l u l a r  l e v e l s  , 
a r i s i n g  as a r e s u l t  o f  t h e  e f f e c t  on t h e  o r g a n i s m  o f  t h e  d y n a m i c  /13
f a c t o r s  o f  f l i g h t .  

A t  t h e  p r e s e n t  t i m e  i t  i s  d i f f i c u l t  t o  e v a l u a t e  c o m p l e t e l y  
t h e  s i g n i f i c a n c e  o f  t h e s e  d i s p l a c e m e n t s  f o r  t h e  f u n c t i o n a l  s t a t e  
o f  a n  o r g a n i s m .  

A s  I h a v e  a l r e a d y  m e n t i o n e d ,  i n  s u c h  c a s e s  w e  h a v e  n o t  o b s e r v e d  
any  n o t a b l e  c h a n g e  i n  t h e  p h y s i o l o g i c a l  f u n c t i o n s ,  c h a n g e s  i n  t h e  
b a s i c  c l i n i c a l  c o n s t a n t s  o f  t h e  p e r i p h e r a l  b l o o d ,  or d i s o r d e r s  i n  
b e h a v i o r  or w o r k i n g  c a p a c i t y .  

C o n s e q u e n t l y ,  we h a v e  as y e t  n o  b a s i s  f o r  r e - e v a l u a t i n g  t h e  
s i g n i f i c a n c e  o f  t h e s e  f a c t s  or f o r  i n t e r p r e t i n g  them w i t h  a n y  m i s 
g i v i n g .  

A long  w i t h  t h i s ,  I c o n s i d e r  i t  e s s e n t i a l  t o  e m p h a s i z e  o n c e  
more  t h a t  t h e  f a c t s  w h i c h  h a v e  b e e n  d i s c o v e r e d  mus t  b e  t a k e n  i n t o  
a c c o u n t  i n  a f u r t h e r  c a r e f u l  s t u d y ,  e s p e c i a l l y  w i t h  r e s p e c t  t o  t h e  
p r o b l e m  o f  l o n g - t e r m  f l i g h t s .  They a l s o  s u b s t a n t i a l l y  augmen t  t h e  
p i c t u r e  o f  o v e r a l l  c h a n g e s ,  i n  w h i c h  t h e r e  a r e  s t i l l  many g a p s .  

T h u s ,  a t  t h e  p r e s e n t  t i m e  t h e  f u n c t i o n s  o f  t h e  n e r v o u s  s y s t e m  
h a v e  y e t  t o  b e  a d e q u a t e l y  i n v e s t i g a t e d  w i t h  r e s p e c t  t o  t h e  e f f e c t  
o f  a c c e l e r a t i o n  on  a n  o r g a n i s m .  A p p a r e n t l y  w e  a r e  c o r r e c t  i n  e x p e c t 
i n g  t o  o b t a i n  i m p o r t a n t  d a t a  by s e t t i n g  up d e t a i l e d  e l e c t r o p h y s i o 
l o g i c a l  i n v e s t i g a t i o n s  w h i c h  t a k e  i n t o  a c c o u n t  t h e  hemodynamic  
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d i s p l a c e m e n t s  t h a t  a r e  p o s s i b l e  as a r e s u l t  o f  a c c e l e r a t i o n .  

A s  t h e  i n t e r e s t i n g  s t u d i e s  o f  Yu. Y e .  M o s k a l e n k o  e t  a l .  h a v e  
e m p h a s i z e d ,  t h e  h i g h  i n t e n s i t y  o f  t h e  c e r e b r a l  b l o o d  f l o w  a n d  t h e  
p e c u l i a r i t i e s  o f  t h e  a n a t o m i c a l  s t r u c t u r e  o f  t h e  v a s c u l a r  s y s t e m  o f  
t h e  i n t r a c r a n i a l  c a v i t y  w o u l d  g i v e  r e a s o n  t o  a s s u m e  t h a t  o n e  o f  
t h e  r e a s o n s  f o r  t h e  r e s t r u c t u r i n g  t h a t  o c c u r s  i n  t h e  o r g a n i s m  o f  
man a n d  a n i m a l s  u n d e r  t h e  i n f l u e n c e  o f  g r a v i t a t i o n a l  f o r c e s  i s  t h e  
d i s t u r b a n c e  o f  t h e  b l o o d  s u p p l y  from t h e  b r a i n .  

Data o b t a i n e d  i n  e x p e r i m e n t s  on man a n d  a n i m a l s  show b o t h  a 
h i g h  s e n s i t i v i t y  o f  t h e  s y s t e m  of t h e  i n t e r c r a n i a l  b l o o d  c i r c u l a t i o n  
t o  r e d i s t r i b u t i o n  o f  t h e  b l o o d  i n  a n  o r g a n i s m  u n d e r  t h e  i n f l u e n c e  
o f  g r a v i t a t i o n a l  f o r c e s ,  a n d  t h e  h i g h  c o m p e n s a t o r y  p o s s i b i l i t i e s  
w h i c h  a r e  c a p a b l e  o f  a s s u r i n g  a s a t i s f a c t o r y  b l o o d  s u p p l y  t o  t h e  
c e n t r a l  n e r v o u s  s y s t e m  w i t h i n  b r o a d  l i m i t s  o f  g r a v i t a t i o n a l  f o r c e s ;  
t h e s e  l i m i t s  may b e  n o t a b l y  e x p a n d e d  b y  p r o p e r  t r a i n i n g  a n d  p o s s i b l y  
by t h e  u s e  o f  c e r t a i n  p h a r m a c o l o g i c a l  p r e p a r a t i o n s .  

Here w e  a g a i n  s e e  t h a t  t h e  d e g r e e  t o  w h i c h  t h e  e f f e c t i v e  
m e c h a n i s m s  o f  i n d i v i d u a l  f a c t o r s  c a n  b e  e x p l a i n e d  i n d i c a t e s  t h e  
p o s s i b i l i t y  o f  i n f l u e n c i n g  t h e  c o u r s e  o f  e v e n t s  i n  t h e  m a n n e r  
d e s i r e d .  I n  t h e  r e s p e c t  I w o u l d  l i k e  t o  c i t e  t h e  e x p e r i m e n t s  o f  
P . V .  V a s i l ' y e v  e t  a l . ,  w h i c h  showed t h a t  t h e  s e n s i t i v i t y  o f  a n i m a l s  
t o  a number  o f  p h a r m a c o l o p i  c a l  p r e p a r a t i o n s  ( g l u c o s i d e s  , s y m p a t h o 
m i m e t i c  r e m e d i e s ,  n a r c o t i c s )  h a s  b e e n  f o u n d  t o  b e  n o t a b l y  c h a n g e d  
i n  t h e  p e r i o d  a f t e r  t h e  e f f e c t  o f  a c c e l e r a t i o n s .  

T h e s e  d a t a  p e r m i t  u s  t o  u s e  t h e r a p e u t i c  r e m e d i e s  more r a t i o n a l l y  
a n d  a l s o  h e l p  u s  t o  b e t t e r  u n d e r s t a n d  t h e  p a t h o g e n e s i s  o f  t h e  d i s 
o r d e r s  o b s e r v e d  u n d e r  t h e  e f f e c t s  o f  a c c e l e r a t i o n .  

Among t h e  p r o b l e m s  o f  s p a c e  p h y s i o l o g y ,  a s p e c i a l  p l a c e  i s  
o c c u p i e d  s i n c e  t h e  v e r y  b e g i n n i n g  b y  t h e  s t u d y  o f  w e i g h t l e s s n e s s .  

The p r o b l e m s  o f  d u p l i c a t i n g  w e i g h t l e s s n e s s  u n d e r  t e r r e s t r i a l  
c o n d i t i o n s  h a v e  made e x p e r i m e n t s  on s p a c e c r a f t  t h e  m a j o r  r e a s o n  i n  
s t u d y i n g  t h i s  p r o b l e m .  The s u c c e s s f u l  f l i g h t s  o f  t h e  a s t r o n a u t s  
a n d  i n  p a r t i c u l a r  t h e  5 - d a y  f l i g h t  o f  V .  B y k o v s k i y  as w e l l  as t h e  
b r i l l i a n t  p e r f o r m a n c e  of A .  Leonov d u r i n g  h i s  w a l k  i n  s p a c e  h a v e  
q u i t e  r i g h t l y  p r o d u c e d  a f e e l i n g  o f  s a t i s f a c t i o n  a n d  o p t i m i s m .  

Along w i t h  t h i s  a t h o r o u g h  a n d  d e t a i l e d  s u r v e y  o f  t h e  l e v e l  
o f  o u r  c o n t e m p o r a r y  k n o w l e d g e  r e q u i r e s  v e r y  i n t e n s e  a n d  s e r i u u s  
a t t e n t i o n  t o  t h i s  p r o b l e m .  

I n  a d d i t i o n  t o  t h e  s t u d y  o f  t h e  p e c u l i a r i t i e s  o f  t h e  f u n c t i o n 
i n g  o f  t h e  s y s t e m  o f  a n a l y z e r s ,  h e m o d y n a m i c s ,  a n d  m e t a b o l i s m ,  o u r  
a t t e n t i o n  m u s t  b e  d i r e c t e d  i n  t w o  o t h e r  d i r e c t i o n s  as w e l l .  

F i r s t ,  t h e r e  i s  t h e  s t u d y  o f  t h e  e n d u r a n c e  o f  a n  o r g a n i s m  
t o w a r d  a c c e l e r a t i o n  a f t e r  p r e v i o u s  s u b j e c t i o n  t o  a s t a t e  o f  w e i g h t 
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l e s s n e s s ;  s e c o n d l y ,  t h e r e  i s  t h e  i n v e s t i g a t i o n  o f  t h e  p h y s i o l o g i c a l  
e f f e c t  o f  l o n g - t e r m  w e i g h t l e s s n e s s .  

O f  f a m i l i a r  i n t e r e s t  i n  t h i s  r e s p e c t  a r e  t h e  s t a t e m e n t s  o f  
P . A .  K o r z h u y e v .  I n  s t u d y i n g  t h e  c h a n g e  i n  t h e  s y n t h e s i s  o f  hemo
g l o b i n  i n  t h e  p h y l o g e n e s i s  o f  t h e  a n i m a l  w o r l d ,  t h e  p e c u l i a r i t i e s  
a r i s i n g  when a n i m a l s  l e a v e  t h e  w a t e r  a n d  come o n t o  d r y  l a n d ,  t h e  
a u t h o r  came t o  t h e  c o n c l u s i o n  t h a t  t h e  e v o l u t i o n  o f  t h i s  f u n c t i o n  
r e p r e s e n t s  an  e x p e r i m e n t ,  c a r r i e d  o u t  b y  n a t u r e  o v e r  a p e r i o d  o f  
m i l l i o n s  o f  y e a r s ,  a n  e x p e r i m e n t  w h i c h  may g i v e  c e r t a i n  i n d i r e c t  
d a t a  f o r  p o s i n g  a n d  s o l v i n g  o n e  of t h e  p r o b l e m s  o f  w e i g h t l e s s n e s s .  

I n  t h i s  c a s e ,  t h e  a u t h o r  s t a r t s  f r o m  t h e  p r e m i s e  t h a t  t h e  h a b 
i t a t i o n  o f  a n i m a l s  i n  a w a t e r  e n v i r o n m e n t ,  u n l i k e  l i f e  on d r y  l a n d ,  
i n  some ways  d u p l i c a t e s  t h e  c o n d i t i o n s  o f  w e i g h t l e s s n e s s .  

B a s e d  on t h e  f a c t s  o f  t h e  a p p e a r a n c e  o f  b o n e  marrow i n  l a n d  
v e r t e b r a t e s  a n d  i t s  p r o g r e s s i v e  d e v e l o p m e n t  i n  h i g h e r  o r d e r s  o f  
l a n d  m a m m a l s ,  a s  c o n t r a s t e d  t o  i t s  r e d u c t i o n  i n  w a t e r  m a m m a l s ,  
w h i c h  h a v e  a d a p t e d  t o  t h e  c o n d i t i o n s  o f  t h e  w a t e r  e n v i r o n m e n t ,  t h e  
a u t h o r s  a s s u m e s  t h a t  l o n g - t e r m  w e i g h t l e s s n e s s  may b e  e x p r e s s e d  e x 
t r e m e l y  u n f a v o r a b l y  i n  h e m o p o i e s i s .  

I s h o u l d  a l s o  l i k e  t o  r e c a l l t h e  i d e a  o f  K.E. T s i o l k o v s k i y  
(1882) as t o  t h e  p o s s i b i l i t y  o f  s u b s t a n t i a l  c h a n g e s  i n  t h e  d e v e l 
opment  o f  o r g a n i s m s  u n d e r  c o n d i t i o n s  o f  w e i g h t l e s s n e s s .  I t  h a s  
n o t  l o s t  i t s  a p p l i c a b i l i t y  e v e n  now a n d  w e  a p p a r e n t l y  c a n n o t  e x 
c l u d e  t h e  p r o b a b i l i t y  t h a t  f o r  s p a c e  s t a t i o n s  w h i c h  a r e  i n h a b i t e d  
f o r  some p e r i o d  o f  t i m e  or d u r i n g  l e n g t h y  i n t e r p l a n e t a r y  f l i g h t s  
o f  s p a c e  s h i p s ,  t h e r e  w i l l  a r i s e  t h e  n e c e s s i t y  of a r t i f i c i a l  
g r a v i t a t i o n  a n d  t h e  e s t a b l i s h m e n t  o f  o p t i m a l  r e g i m e s  w h i c h  w i l l  
s u p p o r t  t h i s  e x p l a n a t i o n  i n  t h e  v e r y  n e a r  f u t u r e .  

W e  s h o u l d  a l s o  c o n s i d e r  o t h e r  p r e c a u t i o n s  w h i c h  w i l l  g u a r d  
a g a i n s t  t h e  p o s s i b l e  o n s e t  of u n d e s i r a b l e  c o n s e q u e n c e s  f r o m  l e n g i t h y  
w e i g h t l e s s n e s s .  

I n  t h i s  c a s e ,  we a r e  c o n c e r n e d  w i t h  a s p e c i a l  s e l e c t i o n  a n d  /15
t r a i n i n g  o f  a s t r o n a u t s  , t h e  c o n s t r u c t i o n  o f  a p r e v e n t a t i v e  r e g i m e  
o f  work a n d  r e s t  on t h e  c r a f t ,  e t c .  

A r e c e n t  e x p e r i m e n t  on t h e  11Voskhod-2" a l s o  s h o w e d  t h e  e x c e p 
t i o n a l  s i g n i f i c a n c e  o f  a d e t a i l e d  a n a l y s i s  o f  t h e  p r o b l e m  o f  b i o 
c h e m i s t r y  w i t h  r e s p e c t  t o  s o l v i n g  f u t u r e  p r o b l e m s  o f  a s t r o n a u t i c s  , 
a s s o c i a t e d  w i t h  t h e  e s t a b l i s h m e n t  o f  s p a c e  o b j e c t i v e s  a n d  t h e  
c a r r y i n g  o u t  o f  d i f f e r e n t  t a s k s  o u t s i d e  t h e  c r a f t  b y  a s t r o n a u t s .  

S e v e r a l  a c h i e v e m e n t s  i n  t h e  f i e l d  o f  s p a c e  p h y s i o l o g y  f a c i l i 
t a t e  a r a t i o n a l  a n d  p r a c t i c a l  s o l u t i o n  t o  t h e  p r o b l e m s  o f  g u a r a n t e e 
i n g  l i f e  d u r i n g  l e n g t h y  s p a c e  f l i g h t s .  I n  t h i s  p l a n ,  t h e  m o s t  
i m p o r t a n t  s p o t  i s  o c c u p i e d  b y  t h e  p h y s i o l o g i c a l  s t u d i e s ,  w h i c h  d e 
t e r m i n e  t h e  means f o r  c r e a t i n g  a n  a r t i f i c i a l  e n v i r o n m e n t  i n s i d e  
t h e  c a b i n  o f  t h e  s p a c e c r a f t .  
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I n  t h i s  c a s e ,  i t  i s  i m p o r t a n t  t o  d e t e r m i n e  t h e  l i m i t s  o f  p e r 
m i s s i b l e  f l u c t u a t i o n s  o f  t h e  e n v i r o n m e n t a l  p a r a m e t e r s  s u c h  as b a r o 
m e t r i c  p r e s s u r e  , g a s  c o m p o s i t i o n  , h u m i d i t y  a n d  t e m p e r a t u r e .  T h e s e  
q u e s t b n s  h a v e  b e e n  s u c c e s s f u l l y  t r e a t e d  f o r  some p e r i o d  o f  t i m e  i n  
i n t i m a t e  r e l a t i o n s h i p  w i t h  t h e  p r o g r e s s  o f  s p a c e  a p p a r a t u s .  I n  
r e c e n t  t i m e s ,  c o n s i d e r a b l e  a t t e n t i o n  h a s  b e e n  g i v e n  to t h e  c h o i c e  
of  c o m p o n e n t s  o f  t h e  g a s  e n v i r o n m e n t  o f  t h e  a i r t i g h t  c a b i n .  Though 
a c c e p t a b l e  s o l u t i o n s  h a v e  a l r e a d y  b e e n  f o u n d  for s h o r t - t e r m  f l i g h t s  
a n d  s e v e r a l  o f  t hem h a v e  b e e n  t e s t e d ,  t h i s  p o b l e m  s t i l l  r e m a i n s  
u n c l e a r  i n  many r e s p e c t s  f o r  l o n g - t e r m  f l i g h t s .  

O f  u n q u e s t i o n a b l e  i n t e r e s t  a r e  t h e  a t t e m p t s  t o  i n c l u d e  h e l i u m  
i n  t h e  c o m p o s i t i o n  o f  t h e  a r t i f i c i a l  a t m o s p h e r e .  Among t h e  n u m e r o u s  
w o r k s  d e v o t e d  t o  t h e  s t u d y  o f  t h i s  p r o b l e m ,  l e t  u s  n o t e  t h e  s t u d i e s  
o f  A.G. Z h i r o n k i n  e t  a l .  , w h i c h  e x p e r i m e n t a l l y  e s t a b l i s h e d  t h e  
maximum a l l o w a b l e  s a f e  c o n c e n t r a t i o n s  o f  o x y g e n  w i t h  a m i x t u r e  o f  
h e l i u m ,  w i t h  r e s p e c t  t o  v a r i o u s  a n i m a l  s p e c i e s .  B e s i d e s  t h i s ,  t h e  
a u t h o r s  o b k a i n e d  a n u m b e r  o f  h o p e f u l  e x p e r i m e n t a l  d a t a ,  p e r t a i n i n g  
t o  t h e  l o n g - t e r m  e f f e c t s  o f  h e l i u m  on  a n  o r g a n i s m .  I n  p a r t i c u l a r ,  
i t  w a s  e s t a b l i s h e d  t h a t  i n  l o n g - t e r m  e x p e r i m e n t s  b o t h  a n i m a l s  a n d  
p e o p l e  p r e f e r  t o  b r e a t h  a h e l i u m - o x y g e n  m i x t u r e  r a t h e r  t h a n  a 
n i t r o g e n - o x y g e n  m i x t u r e  b e c a u s e  o f  t h e  p h y s i c a l  p r o p e r t i e s  o f  h e l i u q ,  
w h i c h  f a c i l i t a t e s  r e d u c i n g  t h e  r e s i s t a n c e  t o  b r e a t h i n g  a n d  i n 
c r e a s  i n g  a l v e o l a r  v e n t i l a t i o n .  

V . V .  B o r i s k i n  e t  a l .  e x a m i n e d  t h e  p o s s i b i l i t y  o f  s u r v i v a l  f o r  
l o n g  p e r i o d s  o f  t i m e  i n  a he . l i um-oxygen  a t m o s p h e r e ,  u s i n g  b i o l o g i 
c a l  m a t e r i a l  a t  v a r i o u s  o r g a n i z a t i o n a l  l e v e l s .  

T h u s ,  a s t u d y  o f  t h e  g r o w t h  o f  f r o g  e g g s  a n d  c h i c k e n  embryos  
d i d  n o t  r e v e a l  a n y  d i f f e r e n c e s  b e t w e e n  t h e  t i m e  or n a t u r e  o f  embry
o g e n e s i s  o f  t h e  y o u n d ,  w h e t h e r  t h e y  w e r e  i n c u b a t e d  i n  h e l i u m -
o x y g e n  or n i t r o g e n - o x y g e n  m e d i a .  

The s t u d i e s  o f  A . G .  D i a n o v ,  A .  G .  K u z n e t s o v ,  e t  a l .  a r e  of  
p r a c t i c a l  i m p o r t a n c e  t h e s e  i n v e s t i g a t o r s  d e m o n s t r a t e d  t h e  p o s s i 
b i l i t y  o f  p r o l o n g e d  s u r v i v a l  o f  man (10 t o  2 5  d a y s )  i n  a h e l i u m -
o x y g e n  a t m o s p h e r e .  

N o  c h a n g e s  i n  t h e  b a s i c  p h y s i o l o g i c a l  f u n c t i o n s  o f  t h e  s u b - /16 
j e c t s  were f o u n d ,  w i t h  t h e  e x c e p t i o n  o f  a c h a n g e  i n  v o i c e .  

A c c o r d i n g  t o  t h e  d a t a  o f  Yu. V .  K r y l o v ,  for e x a m p l e ,  b r e a t h i n g  
a m i x t u r e  o f  h e l i u m  a n d  oxygen  s h i f t s  t h e  s o u n d  s p e c t r u m  o f  t h e  
v o i c e  t o w a r d  t h e  h i g h e r  f r e q u e n c i e s  b y  a b o u t  0 . 7  o c t a v e .  The d e 
c r e a s e  i n  i n t e l l i g i b i l i t y  d o e s  n o t  e x c e e d  t h e  p e r m i s s i b l e  l e v e l .  

S t u d i e s  i n  t h i s  r e g a r d  s h o u l d  b e  c o n t i n u e d ,  a n d  s t e p s  s h o u l d  
b e  t a k e n  i n  p a r t i c u l a r  t o  e x p l a i n  t h e  b i o l o g i c a l  s i g n i f i c a n c e  o f  
o t h e r  i n e r t  g a s e s ,  as w a s  u r g e n t l y  p r o p o s e d  i n  h i s  t i m e  b y  L .  A .  
O r b e l i .  
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I n  a c c o r d a n c e  w i t h  t h e  n a t u r a l  e f f o r t  o f  d e s i g n e r s  t o  b u i l d  
c a b i n s  w i t h  r e d u c e d  p r e s s u r e  i n s i d e  t h e m ,  s t u d i e s  a r e  i n  p r o g r e s s  
t o  i n v e s t i g a t e  t h e  p o s s i b i l i t y  o f  p r o l o n g e d  e x i s t e n c e  o f  o r g a n i s m s  
u n d e r  t h e s e  c o n d i t i o n s .  

Thus  , i n  t h e  e x p e r i m e n t s  of  D . I .  I v a n o v ,  V .  B .  M a l k i n  e t  a l .  , 
it  w a s  shown t h a t  i t  i s  p o s s i b l e  f o r  man t o  s u r v i v e  f o r  a l o n g  t i m e  
( u p  t o  30 d a y s )  u n d e r  c o n d i t i o n s  o f  r e d u c e d  b a r o m e t r i c  p r e s s u r e ,  
c o r r e s p o n d i n g  t o  e l e v a t i o n s  o f  3 0 0 0 ,  5 0 0 0 ,  a n d  7 0 0 0  m e t e r s ,  ma in 
t a i n i n g  t h e  n o r m a l  p a r t i a l  p r e s s u r e  o f  o x y g e n  by  e n r i c h i n g  t h e  
c a b i n  a t m o s p h e r e  w i t h  i t .  

The a u t h o r s  d i d  n o t  o b s e r v e  a n y  s i g n i f i c a n t  d i s t u r b a n c e  o f  
f u n c t i o n s  w h i c h  c o u l d  h a v e  b e e n  r e l a t e d  t o  t h e .  r e d u c e d  b a r o m e t r i c  
p r e s s u r e  or t h e  i n c r e a s e d  o x y g e n  c o n t e n t .  

The r e s u l t s  o f  t h e s e  a n d  many o t h e r  e x p e r i m e n t s  a r e  s u r e l y  
e n c o u r a g i n g .  I t  seems t o  m e ,  h o w e v e r ,  t h a t  a g r e a t  d e a l  o f  d i f f i c u l t  
work s t i l l  l i e s  a h e a d .  

High  vacuum l e v e l s  i n v o l v e  t h e  d a n g e r  o f  d e c o m p r e s s i o n  c h a n g e s  
a n d  a n  i n c r e a s e  i n  t h e  c o n c e n t r a t i o n  o f  o x y g e n ,  c o u p l e d  w i t h  a 
m a n i f e s t a t i o n  o f  i t s  t o x i c  e f f e c t .  

C l e a r l y ,  a l l  o f  t h i s  w i l l  make i t  p o s s i b l e  t o  f o r m  a n  a c c e p t a b l e  
a t m o s p h e r e  f o r  t h e  c a b i n  u n d e r  n o r m a l  f l i g h t  c o n d i t i o n s ,  b u t  i t  
w i l l  b e  d i f f i c u l t  t o  m a i n t a i n  when e m e r g e n c i e s  a r i s e .  

P a r t i c u l a r l y  d i f f i c u l t  a n d  s p e c i f i c  p r o b l e m s  a r i s e  f o r  e c o p h y s 
i o l o g y  i n  c o n n e c t i o n  w i t h  t h e  c o n s t r u c t i o n  o f  a r t i f i c i a l  e c o l o g i c a l  
s y s t e m s  , when t h e  i n d i v i d u a l  c o m p o n e n t s  a r e  v a r i o u s  a n i m a l s  a n d  
p l a n t s .  

The c h a r a c t e r i s t i c s  o f  t h e  g r o w t h  o f  b i o m a s s e s ,  t h e  p r o d u c t i o n  
o f  o x y g e n  a n d  t h e  a b s o r p t i o n  o f  c a r b o n  d i o x i d e ,  and  r e s i s t a n c e  t o  
t h e  e f f e c t  o f  h o s t i l e  f a c t o r s  a r e  o n l y  a f e w  o f  t h e  p r o b l e m s  t h a t  
r e q u i r e  p h y s i o l o g i c a l  s p e c i a l i s t s  who work  i n  t h e  f i e l d  o f  
c o n s t r u c t i n g  e c o s y s t e m s .  

A s  A .  �3. R u b i n  e t  a l .  p o i n t e d  o u t ,  a d e s c r i p t i o n  o f  t h e  l i f e  
p r o c e s s e s  i n  a n  e c o l o g i c a l  s y s t e m  r e q u i r e s  new a p p r o a c h e s  t o  t h e  
d e t e r m i n a t i o n  a n d  s t u d y  o f  t h e  s t a t e  o f  t h e i r  r e s i s t a n c e  a n d  r e l i 

/17a b i l i t y ,  w h i c h  i s  p o s s i b l e  o n l y  by  a p p l y i n g  modern  m a t h e m a t i c a l  -
a n d  t h e r m o d y n a m i c  m e t h o d s  o f  a n a l y s i s .  

The f i e l d  o f  s p a c e  p h y s i o l o g y  i n c l u d e s  t h e  s t u d y  o f  t h e  p r o b l e m  
o f  p h y s i o l o g i c a l  r h y t h m s  , a p p l i c a b l e  t o  t h e  c o n d i t i o n s  o f  l o n g  
f l i g h t s ,  a b a s i s  f o r  r a t i o n a l  work r e g i m e s  a n d  r e s t  p e r i o d s  f o r  t h e  
c r e w ,  as w e l l  as many o t h e r  p r o b l e m s  d e s e r v i n g  o f  a t t e n t i o n .  

D u r i n g  l o n g  f l i g h t s  i n  s p a c e ,  t h e  a s t r o n a u t s  may b e  s u b j e c t  
t o  t h e  i n f l u e n c e  o f  v a r i o u s  h o s t i l e  f a c t o r s .  T h i s  makes  i t  n e c 
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e s s a r y ,  when p r e p a r i n g  f o r  s u c h  a f l i g h t ,  t o  t r y  t o  b u i l d  up t h e  
a d a p t a t i o n a l  r e s e r v e s  o f  t h e  o r g a n i s m  as much as p o s s i b l e .  

T h i s  c a n  b e  a c c o m p l i s h e d  i n  p r i n c i p l e  b y  two  m e t h o d s  w h i c h  
a r e  b y  n o  means  m u t u a l l y  e x c l u s i v e .  The f i r s t  i s  t h e  u s e  o f  
v a r i o u s  t r a i n i n g  p r o g r a m s ,  w h i c h  n a t u r a l l y  i n c r e a s e  t h e  a d a p t a t i o n a l  
r e s e r v e s  o f  t h e  o r g a n i s m .  The s e c o n d  i s  t h e  u s e  o f  p h a r m a c o l o g i c a l  
a n d  b i o l o g i c a l l y  a c t i v e  a g e n t s .  

I n  v i ew o f  t h e  f a c t  t h a t  u n d e r  f l i g h t  c o n d i t i o n s  t h e  o r g a n i s m  
i s  s i m u l t a n e o u s l y  s u b j e c t  t o  t h e  i n f l u e n c e  o f  many f a c t o r s ,  t h e  
i d e a  n a t u r a l l y  a r i s e s  as t o  t h e  e x p e d i e n c y  o f  u s i n g  t r a i n i n g  
m e t h o d s  t o  i n c r e a s e  r e s i s t a n c e  w h i c h  c o v e r  a v e r y  b r o a d  s p e c t r u m  
o f  n o n s p e c i f i c  e f f e c t s .  I t  m u s t  b e  k e p t  i n  m i n d , h o w e v e r ,  t h a t  i n  
a s y s t e m  o f  m e t h o d s  w h i c h  i n c r e a s e  t h e  a d a p t a t i o n a l  r e s e r v e s  o f  a n  
o r g a n i s m  , t h e r e  m u s t  a l s o  b e  t h o s e  w h i c h  d e v e l o p  s p e c i f i c  p r o t e c t i v e  
m e c h a n i s m s  f o r  t h e  m o s t  i m p o r t a n t  f l i g h t  f a c t o r s .  

I s h o u l d  l i k e  t o  i l l u s t r a t e  t h i s  s t a t e m e n t  w i t h  t h e  f o l l o w i n g  
e x a m p l e .  R e s i s t a n c e  t o  s u d d e n  a c c e l e r a t i o n  c a n  b e  i n c r e a s e d  b y  
n o n s p e c i f i c  t r a i n i n g  m e t h o d s  , by  p h y s i c a l  e x e r c i s e s  f o r  e x a m p l e ,  
or b y  a c t i v e  a c c l i m a t i z a t i o n  i n  t h e  m o u n t a i n s  a n d  t h e  l i k e .  A t  
t h e  same t i m e ,  t h e  r e s u l t a n t  d i s r u p t i o n  o f  v o l u n t a r y  a c t i o n s ,  r e s 
p i r a t i o n  a n d  s p e e c h  u n d e r  t h e  i n f l u e n c e  o f  s t r e s s e s  c a n  b e  o v e r c o m e  
i n  t h e  c o u r s e  o f  t r a i n i n g  i n  a c e n t r i f u g e ,  t h u s  d e v e l o p i n g  i n  t h e  
s u b j e c t s  t h e  p r o p e r  m o t o r  p a t h w a y s  a n d  r e n d e r i n g  r e s p i r a t i o n  a n d  
s p e e c h  e f f e c t i v e  u n d e r  t h e s e  c o n d i t i o n s .  

A t t e m p t s  t o  f i n d  r a t i o n a l  s y s t e m s  for t r a i n i n g  a s t r o n a u t s  h a v e  
n a t u r a l l y  d e v o t e d  a t t e n t i o n  t o  s t u d i e s  i n  t h e  m o u n t a i n s .  However ,  
i t  s h o u l d  b e  t a k e n  i n t o  a c c o u n t  b e f o r e h a n d  t h a t  a c c l i m a t i o n  t o  t h e  
c o n d i t i o n s  i n  h i g h  m o u n t a i n  r e g i o n s  , e s p e c i a l l y  i n  c o n j u n c t i o n  w i t h  
m u s c l e  s t r e s s ,  i s  o n e  of  t h e  m o s t  e f f e c t i v e  ways o f  s o l v i n g  t h i s  
p r o b l e m .  

A s  a m a t t e r  o f  f a c t ,  r e c e n t  s t u d i e s  i n  t h e  C a u c a s u s  a n d  i n  
Tyan-Shan h a v e  shown t h a t  s u b j e c t s ,  a f t e r  a r a t h e r  l o n g  " s t e p w i s e  
a d a p t a t i o n "  t o  a l t i t u d e s  o f  2 0 0 0  a n d  4 0 0 0  m e t e r s ,  w i t h  o c c a s i o n a l  
e x c u r s i o n s  t o  g r e a t e r  h e i g h t s  , showed  a s i g n i f i c a n t  i n c r e a s e  i n  
t h e i r  r e s i s t a n c e  t o  t r a n s v e r s e  s t r e s s  ( 1 . 5  t o  2 g )  a n d  t o  s e v e r e  
h y p o x i a .  

A d a p t a t i o n  i s  a n  e x t r e m e l y  c o m p l i c a t e d  p r o c e s s .  I t  i n v o l v e s  / 1 8  
l i t e r a l l y  a l l  r e g u l a t i o n  l e v e l s ,  a n d  a l m o s t  a l l  p h y s i o l o g i c a l  
s y s t e m s  o f  t h e  o r g a n i s m  a r e  a f f e c t e d .  

T h i s  i s  o b v i o u s l y  t h e  r e a s o n  why,  r e g a r d l e s s  o f  t h e  l o n g  p e r i o d  
o f  t i m e  s p e n t  on t h i s  p r o b l e m ,  o u r  k n o w l e d g e  i s  s t i l l  f a r  f r o m  
c o m p l e t e  a n d  many s c i e n t i s t s  a r e  c o n d u c t i n g  f u r t h e r  t e s t s .  

One o f  t h e s e  e f f o r t s  h a s  i n v o l v e d  t h e  e x p e r i m e n t s  o f  N .  N .  
S i r o t i n i n ,  Z .  I .  B a r b a s h e v a ,  V . B .  M a l k i n  e t  a l . ,  who h a v e  shown 
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t h a t  a n i m a l s  ( w h i t e  r a t s )  f r o m  w h i c h  t h e  c e r e b r a l  c o r t e x ,  p i t u i t a r y ,  
a d r e n a l  g l a n d s  a n d  t h y r o i d  g l a n d  were  removed s e p a r a t e l y  , a d a p t e d  
t o  c o n d i t i o n s  o f  h y p o x i a .  However ,  t h e  a d a p t a t i o n  mechanisms o f t e n  
w o r k e d  i n  u n u s u a l  w a y s .  For e x a m p l e ,  a f t e r  t h e  p i t u i t a r y  w a s  r e 
moved,  a n i m a l s  w h i c h  l i v e d  f o r  a l o n g  p e r i o d  o f  t i m e  u n d e r  h i g h - a l 
t i t u d e  c o n d i t i o n s  d i d  n o t  show t h e  c h a r a c t e r i s t i c  r e a c t i o n  o f  
e r y t h r o p o i e s i s  , b u t  t h e i r  r e s i s t a n c e  t o  s e v e r  h y p o x i a  d i d  i n c r e a s e  
s omewh a t .  

An e x t r e m e l y  p r o m i s i n g  f i e l d ,  i n  my o p i n i o n ,  i s  t h e  s t u d y  o f  t h e  
p r o c e s s e s  o f  a d a p t a t i o n  on t h e  c e l l u l a r  a n &  s u b c e l l u l a r  l e v e l s .  We 
c a n  e x p e c t  c o n s i d e r a b l e  p r o g r e s s  i n  t h i s  f i e l d ,  e s p e c i a l l y  w i t h  t h e  
u s e  o f  modern  m e t h o d s  o f  s t u d y i n g  t i s s u e  r e s p i r a t i o n .  

Hence , t h e  m a t e r i a l s  p r e s e n t l y  a v a i l a b l e  i n d i c a t e  t h a t  a 
c o n t r o l l e d  c h a n g e  i n  r e s i s t a n c e  i s  p o s s i b l e  f o r  a n y  o r g a n i s m ,  
b e g i n n i n g  w i t h  man a n d  e n d i n g  w i t h  p l a n t  c e l l s .  The means for 
c h a n g i n g  t h e  r e s t s  t a n c e  o f  h i g h l y  d i v e r s e  a n i m a l s  a r e  e s s e n t i a l l y  
u n i q u e .  They i n c l u d e  r e p e a t e d  a c t i o n  o f  a n  a g e n t  w h i c h  i s  d i r e c t e d  
( i n  t h e  f i n a l  a n a l y s i s )  a t  c e l l u l a r  m e t a b o l i s m  a n d  e v o k e s  a d a p t i v e  
c h a n g e s  i n  t h e  c e l l  c h e m i s t r y .  Among s u c h  a g e n t s  we c a n  i n c l u d e  
h y p o x i a ,  m u s c l e  e x e r c i s e  , t e m p e r a t u r e  c h a n g e s  i n  t h e  a m b i e n t  medium, 
a n d  s e v e r a l  p h a r m a c o l o g i c a l  p r e p a r a t i o n s .  To b e  s u r e  , a s i n g l e  
a p p l i c a t i o n  o f  some f a c t o r  c a n  a l s o  i n c r e a s e  t h e  r e s i s t a n c e  o f  a n  
o r g a n i s m .  T h u s ,  f o r  e x a m p l e ,  a s i n g l e  a p p l i c a t i o n  o f  s e v e r e  h y p o x i a  
or t h e  p e r f o r m a n c e  o f  i n t e n s e  m u s c u l a r  e x e r c i s e  c a u s e s  c h a n g e s  i n  
t h e  o x i d a t i o n  m e t a b o l i s m  o f  t h e  c e l l s ,  w h i c h  i s  a c c o m p a n i e d  i n  
t h e  ca se  o f  i n t e n s e  m u s c u l a r  e x e r c i s e  by i n c r e a s e d  c o n s u m p t i o n  o f  
e n e r g y - p r o d u c i n g  s u b s t a n c e s  , a n  a d a p t i v e  i n c r e a s e  i n  t h e  a c t i v i t y  
o f  t h e  o x i d i z i n g - r e d u c i n g  e n z y m e s ,  an  i n c r e a s e  i n  t h e  a n a e r o b i c  
l i b e r a t i o n  o f  e n e r g y ,  a n d  ( i n  c o n j u n c t i o n  w i t h  t h e  l a t t e r )  accumu
l a t i o n  o f  n o n - o x i d i z e d  m e t a b o l i c  p r o d u c t s  a n d  a n  i n c r e a s e  i n  t h e  
o x y g e n  d e b t .  D u r i n g  t h e  a d j u s t m e n t  p e r i o d ,  t h e r e  i s  an  e x c e s s i v e  
a c c u m u l a t i o n  o f  e n e r g y  s o u r c e s  ( g l y c o g e n ,  p h o s p h o c r e a t i n ) ,  p r o t e i n  
enzymes  , a n d  v a r i o u s  b i o l o g i c a l l y  a c t i v e  s u b s t a n c e s  ( m y o g l o b i n  , 
g l u t a t h i o n e  , a s c o r b i c  a c i d ,  c r e a t i n  , e t c ) .  

T h e s e  p r o c e s s e s  a r e  o b s e r v e d  i n  v a r i o u s  t i s s u e s  o f  t h e  o r g a n i s m .  
T h e s e  r e a c t i o n s  d i s a p p e a r  i f  t h e r e  i s  n o  r e p e a t e d  o c c u r r e n c e  o f  /19
t h e  same s t r e s s o r s .  When t h e  l a t t e r  d o  r e c u r ,  t h e r e  i s  a n o t h e r  s e t  
o f  c h a n g e s  i n  t h e  b i o c h e m i c a l  p r o c e s s e s  i n  t h e  c e l l s ,  f o l l o w e d  b y  
t h e  d e v e l o p m e n t  o f  a n  a d j u s t m e n t  p h a s e .  The main  f e a t u r e  o f  t h e  
l a t t e r  i s  t h a t  t h e  a d a p t i v e  p r o c e s s e s  a r e  c o m p l e t e d ,  become more 
e c o n o m i c a l ,  a r e  summed a n d  f i x e d ,  ; . e . ,  t h e y  r e m a i n  as a n  a f t e r 
e f f e c t  f o r  l o n g  p e r i o d s  o f  t i m e .  The r e s u l t  i s  w h a t  w e  c a l l  a d a p t a 
t i o n .  The c e l l s  " l e a r n " ,  as i t  w e r e ,  t o  r e a c t  more  e c o n o m i c a l l y  
a n d  I ' e x p e d i e n t l y "  t o  t h e  a c t i o n  o f  s t r e s s o r s ,  a n d  t h e  r e s i s t a n c e  
o f  t h e  c e l i  s t r u c t u r e s  i n c r e a s e s .  

I t  s h o u l d  b e  p o i n t e d  o u t  t h a t  c h a n g e s  i n  t h e  c e l l  c h e m i s t r y  
a r e  n o t  l i m i t e d  o n l y  t o  c h a n g e s  i n  t h e  n a t u r e  a n d  r a t e  o f  t h e  
m e t a b o l i c  p r o c e s s e s .  O b v i o u s l y  t h e r e  a r e  some o t h e r ,  s t i l l  i n s u f 
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f i c i e n t l y  u n d e r s t o o d  p r o c e s s e s  ( a s  f a r  as t h e i r  m e c h a n i s m s  a r e  
c o n c e r n e d ) ,  w h i c h  l e a d  t o  a n  i n c r e a s e  i n  t h e  r e s i s t a n c e  o f  c e l l  
s t r u c t u r e s  i n  r e s p o n s e  t o  t h e  a c t i o n  o f  a g e n t s  of h i g h l y  d i v e r s e  
k i n d s ,  w h i c h  a f f e c t  n o t  o n l y  t h e  m e t a b o l i c  p r o c e s s e s  b u t  a l s o  a c t  
d i r e c t l y  on  t h e  s t r u c t u r e  o f  t h e  c e l l  i t s e l f .  

T h u s ,  f o r  e x a m p l e ,  i t  w a s  f o u n d  t h a t  m u s c l e  t i s s u e  a n d  t h e  
t i s s u e  o f  t h e  c e r e b r a l  c o r t e x ,  i n  r a t s  a d a p t e d  t o  h y p o x i a ,  become 
r e s i s t a n t  t o  t h e  a c t i o n  o f  e t h y l  a l c o h o l  or h i g h  c o n c e n t r a t i o n s  o f  
c a f f e i n ;  t h e  a b s o r p t i v e  p r o p e r t i e s  o f  t h e  r e t i c u l o e p i t h e l i a l  t i s s u e  
f o r  v i t a l  s t a i n s  d e c r e a s e ;  t h e r e  i s  a n  i n c r e a s e  i n  t h e  o s m o t i c  r e 
s i s t a n c e  o f  t h e  e r y t h r o c y t e s .  An i d e a  o f  t h e  s t r u c t u r a l  c h a n g e s  
i n  m u s c l e  t i s s u e  c a n  a l s o  b e  g a i n e d  b y  m e a s u r i n g  t h e  e l e c t r i c a l  
c o n d u c t i v i t y  a n d  d i e l e c t r i c  p e r m e a b i l i t y  o f  t h e  m u s c l e s  i n  v i v o .  
The p r o p e r t i e s  o f  t h e  s t r u c t u r a l  a n d  c o n t r a c t i n g  p r o t e i n s  o f  t h e  
s k e l e t a l  m u s c l e s  c h a n g e  i n  a c e r t a i n  way;  i t  i s  f o u n d  t h a t  i n  r a t s  
a d a p t e d  t o  h y p o x i a ,  t h e  r a t e  a t  w h i c h  t h e  a c t o m y o s i n  c o m p l e x  i s  
f o r m e d  ( a f t e r  d i s s o c i a t i o n  o f  t h i s  c o m p l e x  u n d e r  t h e  i n f l u e n c e  o f  
ATP) i s  g r e a t e r  t h a n  i n  c o n t r o l  a n i m a l s  (Z. I .  B a r b a s h o v a ) .  

S i n c e  t h e  r e p e a t e d  a c t d o n  o f  d i v e r s e  s t r e s s o r s  on t h e  o r g a n i s m  
c a n  p r o d u c e  a number  o f  a d d i t i o n a l  c h a n g e s  i n  t h e  c e l l  c h e m i s t r y ,  
i t  becomes  u n d e r s t a n d a b l e  why t r a i n i n g  f o r  h y p o x i a  (for e x a m p l e )  
i n c r e a s e s  t h e  r e s i s t a n c e  o f  t h e  o r g a n i s m  t o  t h e  e f f e c t s  o f  a c c e l 
e r a t i o n ,  r a d i a t i o n ,  c o o l i n g ,  or p e r f o r m i n g  i n t e n s e  m u s c u l a r  e x e r c i s e .  

E x p e r i m e n t a l  d a t a  i n d i c a t e  t h a t  c h a n g e s  i n  c e l l  c h e m i s t r y  u n d e r  
t h e  i n f l u e n c e  o f  e x t r e m e  f a c t o r s  i s  n o t e d  a t  a l l  l e v e l s  o f  o r g a n i 
z a t i o n  o f  l i v i n g  c r e a t u r e s .  The p r o d u c t i o n  o f  a d a p t a t i o n ,  w i t h  
t h e  r e p e a t e d  a c t i o n  o f  s t r e s s o r s ,  i s  a c c o m p a n i e d  by  a n  i n c r e a s e  i n  
t h e  n o n s p e c i f i c  r e s i s t a n c e  o f  t h e  o r g a n i s m .  C o n s e q u e n t l y ,  w e  h a v e  
a s u f f i c i e n t  b a s i s  for s t a t i n g  t h a t  t h e  a d a p t i v e  c h a n g e s  on  t h e  
c e l l u l a r  l e v e l  a r e  t h e  c a u s e  o f  t h e  n o n s p e c i f i c  r e s i s t a n c e  o f  t h e  
o r g a n i s m .  

A d o p t i o n  o f  t h i s  p o i n t  o f  v i e w  makes  i t  n e c e s s a r y  t o  c a r r y  /20 
o u t  f u r t h e r  s t u d i e s  a n d  t o  d e v i s e  n o n s p e c i f i c  m e t h o d s  f o r  i n c r e a s i n g  
t h e  r e s i s t a n c e  o f  t h e  o r g a n i s m  t o  e x t r e m e  f a c t o r s ,  b u t  o f  c o u r s e  
s p e c i f i c  t r a i n i n g  m e t h o d s  mus t  b e  e m p l o y e d  as w e l l .  

Wi th  r e g a r d  t o  t h e  l a t t e r ,  s p e c i a l  a t t e n t i o n  h a s  b e e n  d e v o t e d  
t o  m e t h o d s  i n t e n d e d  t o  s u p p l e m e n t  t h e  n e u r o m u s c u l a r  mechan i sms  o f  
r e g u l a t i n g  p h y s i o l o g i c a l  f u n c t i o n s  , as  w e l l  as t h e  f o r m a t i o n  a n d  
a d o p t i o n  o f  p r o f e s s i o n a l  m e t h o d s  w h i c h  a r e  r e q u i r e d  f o r  t h e  a s t r o 
n a u t  t o  p e r f o r m  t a s k s  , s c i e n t i f i c  r e s e a r c h  p r o j e c t s  , a n d  o t h e r  
o p e r a t i o n s .  

F o r  i n v e s t i g a t i o n s  o f  t h i s  k i n d ,  e x t r e m e l y  v a l u a b l e  m a t e r i a l s  
a r e  p r o v i d e d  by o b s e r v a t i o n s  made d i r e c t l y  u n d e r  a c t u a l  c o n d i t i o n s  
o f  s p a c e  f l i g h t .  

Each  f l i g h t  o f  t h i s  k i n d  i s  a new a n d  i m p o r t a n t  s t e p  i n  t h e  
c o n q u e s t  a n d  e x p l o r a t i o n  o f  t h e  u n i v e r s e ,  a n d  e a c h  s u c h  f l i g h t  



d i r e c t s  our a t t e n t i o n  t o  new p r o b l e m s  o f  s p a c e  p h y s i o l o g y .  

O f  p a r t i c u l a r  i m p o r t a n c e  f r o m  t h e  s t a n d p o i n t  o f  t h e  p h y s i o l o g 
i c a l  r e s u l t s  o b t a i n e d  w a s  t h e  5-day f l i g h t  o f  V .  B y k o v s k i y  on 
b o a r d  t h e  " V o s t o k  5 " ,  as w e l l  as t h e  f l i g h t  o f  t h e  a s t r o n a u t s  
P .  B e l y a y e v  a n d  A .  L e o n o v  on b o a r d  t h e  "Voskhod 2 " ,  when a man t o o k  
a w a l k  i n  s p a c e .  

N o t  c o u n t i n g  t h e  o p e r a t i o n s  i n v o l v e d  i n  l o c k i n g ,  a d e f i n i t e  
p r o g r a m  w a s  c a r r i e d  o u t  d u r i n g  t h e  f l i g h t  o f  t h e  "Voskhod 2 " :  t h e  
t e m p e r a t u r e  w a s  a b o u t  +18O, t h e  h u m i d i t y  3 5 - 4 0 % ,  a n d  t h e  p r e s s u r e  
w a s  t h e  n o r m a l  v a l u e  f o u n d  on E a r t h .  

The c r e w  l a n d e d  t h e  s p a c e c r a f t  b y  u s i n g  a m a n u a l  c o n t r o l  s y s t e m .  
I n  t h e  f l i g h t  d e s c r i b e d ,  as w e l l  as i n  p r e v i o u s  o n e s ,  t h e p e  w e r e  n o  
c h a n g e s  n o t e d  i n  t h e  h e a l t h  o f  t h e  c r e w ,  e v e n  i n  t h e  t h o r o u g h  p o s t 
f l i g h t  e x a m i n a t i o n .  

O f  c o u r s e ,  i t  i s  p a r t i c u l a r l y  i n t e r e s t i n g  t o  s t u d y  t h e  w o r k i n g  
a b i l i t y  a n d  b i o m e c h a n i c a l  f e a t u r e s  o f  m o t i o n  when t h e  a s t r o n a u t  
i s  moving  a b o u t  f r e e l y  o u t s i d e  t h e  s p a c e c r a f t .  

A s t r o n a u t  A .  Leonov g i v e s  t h e  f o l l o w i n g  r e p o r t  on some o f  
t h e s e  f e a t u r e s :  

" I t  i s  i m p o s s i b l e  t o  s t o p  t u r n i n g ,  n o  m a t t e r  w h a t  movements  
o n e  m a k e s ;  I knew t h i s ,  h a v i n g  become p r a c t i c a l l y  a c q u a i n t e d  w i t h  
i t  i n  my p r e - f l i g h t  t r a i n i n g ,  s o  t h a t  I f e l t  t h a t  t h e  o n l y  way I 
c o u l d  s l o w  down my movement w a s  b y  t w i s t i n g  t h e  u m b i l i c a l .  And, 
i n  f a c t ,  my a n g u l a r  v e l o c i t y  g r a d u a l l y  d e c r e a s e d .  I t  i s  t r u e  
t h a t  by g r a s p i n g  t h e  u m b i l i c a l  I c o u l d  e v e n  h a v e  c r e a t e d  a moment 
w h i c h  w o u l d  h a v e  s t o p p e d  t h e  m o t i o n  of my b,ody a r o u n d  i t s  t r a n s 
v e r s e  a x i s ,  b u t  I d i d  n o t  w a n t  t o  d o  t h i s .  I t  made i t  p o s s i b l e  
t o  make more o b s e r v a t i o n s  a n d  t h e r e  w a s  n o  n e e d  t o  w a s t e  t i m e .  

A f t e r  a w h i l e  I p u l l e d  m y s e l f  b a c k  t o  t h e  s h i p  b y  y a n k i n g  o n  
t h e  u m b i l i c a l  r a t h e r  h a r d ,  a n d  h a d  t o  u s e  my h a n d s  t o  f e n d  o f f  t h e  
t h e  s p a c e c r a f t ,  w h i c h  b e g a n  t o  a p p r o a c h  m e  r a p i d l y .  I t h o u g h t  
f i r s t  o f  a l l  a b o u t  n o t  s t r i k i n g  t h e  window on my s p a c e - s u i t  a g a i n s t  
t h e  s h i p .  H o w e v e r ,  as  I r e a c h e d  t h e  a i r l o c k ,  I b r o k e  t h e  f o r c e  
w i t h  my h a n d s .  T h i s  w a s  v e r y  e a s y  t o  d o ,  a n d  I a m  s u r e  t h a t  o n c e  / 2 1-
h a v i n g  a d a p t e d ,  one  c a n  move a b o u t  q u i t e  s m o o t h l y  a n d  i n  a c o o r d i 
n a t e d  m a n n e r  u n d e r  t h e s e  u n u s u a l  c o n d i t i o n s .  I f e l t  v e r y  e l a t e d  a n d  
c h e e r f u l ,  a n d  d i d  n o t  w a n t  t o  come b a c k  i n s i d e  f r o m  o p e n  s p a c e ;  
I a g a i n  p u s h e d  m y s e l f  away f r o m  t h e  d o o r  o f  t h e  a i r l o c k  t o  s e e  
how I a c q u i r e d  my a n g u l a r  v e l o c i t i e s  d u r i n g  t h e  f i r s t  moment a f t e r  
t h e  p u s h .  I f o u n d  t h a t  t h e  s l i g h t e s t  c h a n g e  i n  d i r e c t i o n  o f  a p p l i 
c a t i o n  o f  f o r c e  l e d  t o  r o t a t i o n  i n  t h e  c o r r e s p o n d i n g  p l a n e .  Ob
v i o u s l y  p e o p l e  who w i l l  b e  w o r k i n g  i n  s p a c e  w i l l  h a v e  t o  s p e n d  
a w h i l e  g e t t i n g  a c c u s t o m e d  t o  a s t a t e  o f  w e i g h t l e s s n e s s .  A s  f a r  
as t h e  s o - c a l l e d  " p s y c h o l o g i c a l  b a r r i e r "  i s  c o n c e r n e d ,  w h i c h  i s  
s u p p o s e d  t o  b e  a n  i n s u r m o u n t a b l e  b a r r i e r  t o  a man p r e p a r i n g  t o  
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meet  t h e  d e p t h s  o f  s p a c e  f a c e  t o  f a c e ,  I n e i t h e r  f e l t  a n y  s u c h  
b a r r i e r  n o r  t h o u g h t  t h e r e  c o u l d  b e  o n e .  

I p u t  away t h e  camera w i t h  w h i c h  I h a d  r e c o r d e d  my w a l k  i n  
s p a c e  on f i l m ,  a n d  t r i e d  t o  r e - e n t e r  t h e  a i r l o c k ,  b u t  t h i s  d i d  n o t  
p r o v e  t o  b e  s o  e a s y .  Movement i n s i d e  a n  i n f l a t e d  s p a c e - s u i t  i s  
somewhat  l i m i t e d .  Q u i t e  a b i t  o f  s t r e n o u s  p h y s i c a l  e f f o r t  w a s  
r e q u i r e d ,  a n d  my f a r e w e l l  t o  t h e  cosmos  w a s  p r o l o n g e d  s o m e w h a t .  
F i n a l l y  I g o t  i n t o  t h e  a i r l o c k ,  a n d  a f t e r  a s h o r t  t i m e  w a s  i n  t h e  
c a b i n  o n c e  a g a i n  w i t h  P a v e 1  I v a n o v i c h ,  who c o n g r a t u l a t e d  m e  on my 
s u c . c e s s f u 1  c o m p l e t i o n  o f  t h e  p r o g r a m  f o r  t h e  w a l k  i n  s p a c e .  D e 
s p i t e  t h e  r a t h e r  i n t e n s e  p h y s i c a l  e f f o r t  r e q u i r e d ,  t h e  i n d e p e n d e n t  
l i f e - s u s t a i n i n g  s y s t e m  a p p e a r e d  c o m p l e t e l y  i n t a c t  , a n d  I d i d  n o t  
s u f f e r  a n y  l a c k  o f  a i r  n o r  a n y  u n p l e a s a n t  t e m p e r a t u r e  v a r i a t i o n .  
However ,  when I s a t  down i n  my s e a t ,  I f e l t  t h e  s w e a t  r u n n i n g  down 
my f o r e h e a d  a n d  c h e e k s .  I t h i n k  t h a t  i t  i s  t i m e  f o r  some o f  t h o s e  
j o u r n a l i s t s  who s a t  t h a t  s p a c e  i s  a g o o d  p l a c e  f o r  a p l e a s a n t  s t v o l l ,  
t o  t r y  i t  t h e m s e l v e s . "  

A f e w  y e a r s  a g o  t h e  v e r y  f i r s t  p a g e s  of s p a c e  p h y s i o l o g y  were  
w r i t t e n .  

Now w e  h a v e  a c c u m u l a t e d  q u i t e  a volume o f  m a t e r i a l  a n d  I 
t h i n k  we c a n  p r o c e e d  t o  s o r t  i t  o u t  i n t o  s e p a r a t e  c h a p t e r s .  

Our g o a l  i s  t h a t  d e s i g n e r s ,  a s t r o n a u t s ,  a n d  s c i e n t i s t s  s h o u l d  
f i n d  i n  t h e s e  p a p e r s ,  t h a t  w h i c h  i n t e r e s t s  t h e m  a n d  i s  n e c e s s a r y  
f o r  t h e  p r o g r e s s  o f  a s t r o n a u t i c s .  
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THE PHYSIOLot i iWL EFFECTS OF GKAVITATIUj 
O . G .  G a z e n k o  a n d  A . A .  G y u r d z h i a n '  

A B S T R A C T :  S e v e r a l  g e n e r a l  q u e s t i o n s  on t h e  b i o -
ZogicaZ roZe  of g r a v i t a t i o n  and aZso t h e  p h y s i o -
ZogicaZ e f f e c t s  of w e i g h t z e s s n e s s  o b s e r v e d  i n  b i o -
ZogicaZ e x p e r i m e n t s  and i n  a s t r o n a u t s '  f Z i g h t s  
a r e  d i s c u s s e d .  The mechanisms of a d a p t a t i o n  of 
an organ i sm t o  new g r a v i t a t i o n a l  c o n d i t i o n s ,  t h e  
roZe  of s e p a r a t e  p a r t s  of t h e  n e r v o u s  s y s t e m ,  and 
compensa t ions  and repZacements  of f u n c t i o n s  i n  
t h e  foZZowing s p h e r e s  a r e  examined:  s p h e r e  of 
a f f e r e n t a t i o n  and anaZyzer  a c t i v i t y ;  e f f e c t o r  
s p h e r e  and c o o r d i n a t i o n  of movements; s p h e r e  of 
r e g u Z a t i o n  of t h e  v e g e t a t i v e  f u n c t i o n s .  
SeveraZ c o n c Z u s i o n s  a r e  drawn o n  t h e  ways i n  wh ich  
s t u d i e s  shouZd be  made on  t h e  methods  f o r  s e l e c 
t i n g ,  p r e p a r i n g  and c o n d i t i o n i n g  t h e  a s t r o n a u t s  
for unusuaZ c o n d i t i o n s  i n  f u t u r e  Zengthy f Z i g h t s .  

Back in 1823, in the poem '!Don Juan", Byron wrote: / 2 2-
I t  . . .  for we must deem the mode 
In which Sir Isaac Newton could disclose 
Through the then unpaved stars the turnpike road, 
A thing to counterbalance human woes; 
For,ever since immortal man hath glow'd 
With all kinds of mechanics, and full soon 
Steam engines will conduct him to the moon." 

Remarkable words, remarkable foresight . . . .  
In recent years, mankind has succeeded in doing very much in 


this direction, has succeeded in achieving outstanding results. 

But at the same time, there continue to be many complex problems 

involved in our journey into space. From among these problems, we 

would like to make note of, and to discuss in this paper, the prob 

lem of the physiological effects of gravitation. 


The study of the physiological effect of weightlessness is a 

new and exceptionally important problem for manned space flights. 

It is very interesting for theoretical physiology as well. The 
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fact is that the state of weightlessness is a remarkable experimen

tal condition for studying the general rules of the analyzer func

tion of the central nervous system, and thus the behavior and re 

actions of an organism under changing conditions in the environ

mental medium. 


However, we are deeply convinced that the physiological ef

fects of gravitation can be evaluated correctly only by understand

ing its significance in a general biological sense, in the individ

ual and evolutionary development of organisms as one of the moving 

forces of evolution and ecological constants of the Earth. In 

this case we must remember that living organisms, in the process of 

evolution, encountered only a relatively short-lived effect of in

ertial forces (accelerations) which were either added to the gravi

tation force or were subtracted from it (jumps, falls, etc.). This 

was essentially the effect of impact accelerations. 


Only the technology of the 20th century, connected with the 

achievement of high speeds of motion, provides for putting living 

organisms under conditions of prolonged acceleration effects or 

under conditions of reduced gravity and weightlessness. The pros

pects of flights to different celestial bodies, whose mass is 

greater or smaller than that of the Earth, produce the possibilities 

of entering into other gravitational conditions, into conditions 

of increased or decreased gravitation. 


In our opinion, the fact that living organisms in the course /23
-
of evolution did not encounter a prolonged effect from changing 

gravitational and inertial conditions, must ‘have made an impres

sion on the characteristics of the reaction of the organism. We 

can assume that the organism does not have any ready-made specific 

mechanism for adapting to the effect of this factor, ready-made 

mechanisms for compensation and representation of the functions 

which are damaging in this case (and in the same way, to the ef

fect of large doses of ionizing radiation which living creatures, 

as a rule, did not encounter in the past). This circumstance should 

be considered in analyzing the reactions of an organism to changing 

gravitational conditions, in examining the question on the possi

bility of conditioning it for prolonged and repeated action of ac

celerations and generally changing gravitational conditions. 


Obviously, we must make some stipulations here. We made ref 

erence to the effect of gravitational, as well as inertial, forces, 

i.e. accelerations. 


As far as we know at present, these forces in biological ef

fect are mutually equivalent. 


We will not examine in this paper the biological effect of 

those dynamic factors of flight which are relatively short-lived 

e.ffects of acceleration and vibration. We will be mainly inter

ested in the reaction of an organism to a prolonged exposure to 
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weightlessness. 


In fundamental studies by Vander, Vrabiescu et a1 and in a 

number of other works [13, 48, 59, 60, and many others as well], it 

has been shown that the growth of animals under the prolonged effect 

of acceleration shows an outstanding effect on the formo-genesis, 

the formation of vegetative and animal functions, on the reactivity 

of animals in relation to various accelerations. These works show 

that gravitational conditions are not insensitive to biological 

relationships, but, on the contrary, play a very significant role. 


There is also great interest in this question: which mutual 
relationships are affected by an increase and decrease in gravitation 
or weightlessness; how validly and with what corrections can the re
sults of experiments with prolonged accelerations be extrapolated 
for states of weightlessness. It is very tempting to try to con
struct a single theory on the effect of acceleration and weightless
ness on an organism as physical factors of one category - gravita
tion C161. This question can probably be answered af-ter corre
sponding biological experiments in space flights and a comparison of 
their results with analogous studies in laboratories. 

In connection with the physiological effects of weightless

ness, we have, unfortunately, limited materials which were obtained 

under the following experimental conditions: 


1. Manned space flights in Soviet and American spacecraft /24

(lasting up to 5 days). 


2. The flights of animals and other biological subjects in 

high-altitude rockets, artificial Earth satellites, and spacecraft. 


3. Experiments with short-lived weightlessness produced in 

aircraft and in special test units as well: elevators, towers, etc. 


4. Studies accomplished with the aid of processes which mod

eled certain kinds of weightlessness effects (immersion into water, 

hypodynamic conditions, etc.). 


The results of the latest Soviet manned space flights in llVosk

hod” and ”Voskhod-2” are a great contribution to the study of the 

problem of the physiology of weightlessness. In this respect, the 

data obtained by A. Leonov’s walk in space are particularly impor

tant. We deem it opportune to try to give a brief survey of the 

data and an analysis of some of the materials on the physiology of 

weightlessness obtained up to the present time. 


In understanding the physiological effects of weightlessness, 

we can note a certain evolution of opinions. Not long ago, before 

the first direct experiments in space, particular attention was 

paid to a possible adverse direct effect of weightlessness, as a 

physical (mechanical) factor, on the basic physiological functions 
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of an organism: circulation, respiration, intake of food and water, 
digestion, and other processes. These ideas were derived, in par
ticular, from the basic laws of hydrostatics and hydrodynamics [ 4 9 ,  
51, 523. However, as the first biological experiments on high-alti
tude rockets, artificial satellites, and space ships showed, the 
stresses caused by the direct action of weightlessness on the corre
sponding systems were minimal and rather easily neutralized by the 
multiple mechanisms of adaptation and compensation I24, 25, 35, 56, 
571. 

Subsequently, in analyzing the possible physiological effects 

of weightlessness (and also of accelerations), the researchers began 

to pay more attention to the reflex mechanisms, and to the inter

action among separate sense organs as well. 


In this plan, concentrated studies were conducted on the dy 

namics of regulating the circulatory system during the effect of 

acceleration, decreased gravity, and also under conditions which 

imitated different effects of weightlessness (immersion into water, 

adynamic conditions, etc.). 


Many authors have explained the interrelationship among the 

different sense organs (analyzers) relative to the state of weight

lessness. Valuable information was obtained, for example, on the 

interrelationships of the optical, vestibular, and proprioceptive 

analyzers C14, 45, 56, et.al.1. 


Particular attention was paid to the state 0.f sensitivity of /25 

the vestibular analyzer. Some researchers stated that, in the state 

of weightlessness, according to the well-known assumption by Weber 

and Fechner, its sensitivity will increase sharply. In this case, 

as a result of the interaction among separate parts of the vestibu

lar apparatus (the otoliths, semicircular canals), according to 

this point of view we can expect that even small accelerations will 

affect the sharp sensory and motor reaction in the state of weight

lessness [33, 34, 53, 56, et.al.1. On the other hand, other re 

searchers stated that the vestibular sensitivity in the state of 

weightlessness will remain stable or even decrease. Studies on man, 

carried out by creating a state of weightlessness in aircraft, led 

to such a conclusion [29, 391. It is true that the brevity of the 

state of weightlessness and the alternating effect of acceleration 

and weightlessness in these experiments limit the significance of 

the results obtained. 


Formulation of this question has understandably great signifi

cance for solving the astronauts' practical problems connected with 

the development of systems of artificial gravitation [17, 571 by 

preventitive and conditioning methods. 


Unfortunately, the results obtained from the space flights 

still do not ensure a complete answer to this question. 
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On one hand, the cosmonauts ( G .  Titov and B. Yegorov) observed 
that abrupt movements of the head and opto-kinetic irritations ag
gravated the general condition and coincided with separate vestibu
lar-vegetative disturbances without a noticeable nystagmus reaction 
(according to Yegorov). 

On the other hand, the cosmonauts on "VoskhodTfand "Voskhod-2" 

noticed that their general condition and efficiency did not seem to 

relate to the stabilization or rotation of the craft around its axis 

(up to one revolution 20-40 sec). The cosmonaut Leonov also had no 

vegetative disturbances in connection with the vestibular and opto

kinetic irritations while he was outside the craft and while his 

body rotated in different planes with a fairly high angular velo

city. Moreover, studies on the electrical sensitivity of the ves

tibular apparatus (to a galvanic current) conducted on board "Vosk

hod" would also seem to indicate that the vestibular sensitivity is 

not increased in the state of weightlessness. However, we were 

speaking in this case of the sensitivity to electrical irritation, 

and not to adequate irritation, and we are inclined to consider that 

this question requires further study. 


It is unquestionable that, in order to analyze and understand 
the complex and multiform picture of the physiological effect of 
weightlessness, we must start from a concept of the reaction of an 
organism as a single entity. In this case, we must consider its 
individual characteristics and all previous experience in life. In /26 

this respect, the synthetic principle founded by I.P. Pavlov can 

serve as such an "Ariadne's thread", which ensures finding the right 

path in the labyrinth of the most complicated interrelationships of 

an organism and the environment. 


Guided by these assumptions, let us attempt to examine the 

physiological effects of weightlessness in the following aspects: 


- Sphere of afferentation and analyzer activity; 

- Effector sphere, coordination of movements; 

- Sphere of regulation of the vegetative functions. 

SPHERE OF AFFERENTATION AND ANALYZER ACTIVITY 


It is well known that a spatial analysis is carried out by 

the complex integrated activity of a whole complex of analyzers; 

vestibular, optical, auditory, impulse, skin, interceptive, and 

others. 


We would like to note here that the relative role of different 

analyzers differs in relation to the level of evolutionary develop

ment of the organism, the ecological conditions of its habitat, and 

its previous life experience [31]. In relation to these conditions, 

one or another analyzer plays an important role in the activity of 
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a living organism. The academician L . A .  Orbeli emphasized the sig
nificance of so-called leading afferentation in the behavior of 
animals [lo, 2 3 1 .  

The second condition which deserves particular examination 
involves the exceptional role played by the impulse analyzer. I.M. 
Sechenov said that the impulse analyzer and muscular sense are the 
basis on which all our afferentation, and all our sensing of the 
outer world, are formed C 3 0 1 .  In recent years, E.Sh. Ayrapetlyants 
has emphasized the important role of the impulse analyzer in spatial 
analysis. It is true that I.S. Beritashvili is of another opinion. 
He maintains that, on the contrary, the vestibular analyzer plays 
the most important role in spatial orientation [ 3 ,  4, 8 3 .  

The vast possibilities of compensation and representation of 
analyzers which are dying out is of particular interest in the mech
anism of spatial analysis. This phenomenon of substitution of the 
role of some analyzers by others in spatial analysis is by no means 
instantaneous, but is a complicated process which requires definite 
time and conditioning. F o r  example, if the removal of both of the 
eyes of an animal prevents him from making a conditioned-reflex 
jump, then by gradual removal of the two eyes, this coordinated act 
is preserved, ;.e. the impulse analyzer gradually takes on the func
tions which were formerly carried out by the sight [ 6 ,  7 1 .  

In this light, it becomes understandable how, for example, in 	 / 2 7-
the process of training a pilot for blind flights, the sight takes 
on the leading afferentation. The great dive.rsity of subjective re
actions (sensations) to the state of weightlessness also becomes 
understandable c12, 1 3 ,  3 8 ,  4 0 1 .  

Some astronauts did not experience any illusions on the ir
regular position of the body in space, and they detected the approach 
of weightlessness because the subjects were "swimming" and because 
of a "light-weight feeling". Others, at the very first moment of 
the transition from accelerations into weightlessness in a short 
space of time had illusory sensations of an incorrect position of 
the body in space ("head over heels"). In a number of cases (K. 
Feoktistov and B. Yegorov), the illusions regarding the position of 
the body in space occurred after some time and lasted with opened 
and closed eyes C 3 ,  2 4 ,  2 5 3 .  

The astronauts who noticed similar illusions did not consider 

them to be extremely unpleasant and unbearable. They described them 

as having a certain discomfort. 


The data regarding the good orientation in space of the cosmo

nauts on ltVoskhod-2",particularly Leonov during his walk in outer 

space are of immense importance. 


The "top-to-bottom" sensation in the cabin was limited by its 

interior, and even during rotation of the craft relative to the 
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plane of the orbit (fttorsionslt),
the astronauts did not notice any 

sensation of reversed position. 


The conditionality of concepts of "top-to-bottom", as well as 

the practical necessity of being accurately oriented in space out

side the craft, required selecting a system of coordinates which 

would take its longitudinal axis and the position of the Sun into 

consideration. Orientation was also simplified by the fact that a 

movie camera was placed on the Irtopflof the air lock. When inside 

the air lock, the problem of orientation became more complicated, 

but Leonov did not notice any disagreeable sensations. 


After leaving the craft, the astronaut used the system of co

ordinates according to the scheme described. However, if the craft 

did not fall within the field of vision, the orientation was de

stroyed, and it was not easy to determine rapidly the probable loca

tion of the craft. On the whole, we have the impression that Leo

nov, under these conditions, evaluated the situation adequately and, 

despite the exceptional novelty and irregularity of the situation, 

did not experience any serious nervous-emotional stress. 


All this indicates the outstanding importance for an astro
naut to have previously selected visual reference points for or;
entation in space and to have developed the necessary skills pre
liminarily. It seems to us that this condition emphasizes the great 
possibilities for rebuilding and conditioning mechanisms for analy
sis in space. The visual information on the distribution of objects /28 

in space in this case seems to suppress the uncommon vestibular sig

nalization, "clears up" the information of the sense organs, and 

permits a man to determine correctly the position of his body in 

space. 


G. Ti.tov, after his flight, said that, by tensing the muscles, 

the disagreeable vestibular-vegetative sensations almost vanished 

completely. The astronauts Feoktistov and Yegorov were of the same 

opinion. Obviously, in this case the proprioceptive afferentation 

with the muscles suppresses the uncommon vestibular signalization. 

Cutaneous reception must also play a definite role in this case [14, 

1 5 ,  221. 


We can assume that the illusions and disagreeable vestibular-
vegetative phenomena caused by uncommon vestibular signalization 
(and possibly proprio- and interoceptive signalization) occur more 
easily because of a general exhaustion of afferential information'. 
Sufficient tonicity of the reticular formation and cerebral cortex 
are also obviously contributory factors [ 2 ] .  It is possible that 
because of this, an increase in the total sum of afferential sig
nals by muscular tensions and impulse activity improves the condi
tion of the astronauts significantly. 

Actually, some of the astronauts experienced disagreeable 

vestibular-vegetative reactions and light symptoms of nausea several 
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hours after the start and, although these symptoms did not prevent 

carrying out the work planned, they did last almost throughout the 

entire flight. However, the condition of the astronauts improved 

greatly after sleep. P. Belyayev and A. Leonov, who carried out par

ticularly active work connected with remarkable nervous-emotional 

and physical strain, did not sxperience these disagreeable sensations. 


Thus, together with the phenomena of adaptation, restructuring 

the nervous system adequately by new gravitational conditions, the 

phenomena of cumulation of disagreeable signals, and in the cases 

known, the collapse of adaptation mechanisms take place. The state 

of tonicity of the central nervous system is of immense importance, 

as was indicated by the improvement in condition after sleep, after 

resting the nervous system. 


In this sense, the level of the working apparatus shows up 

significantly in the reactions of the astronauts' organism. Under 

known conditions, the effective dominance is a serious normalizing 

factor. Thus, despite the unusualness of the conditions of flight 

and "emergence" into space (for example, while Leonov was locked /29

outside the craft), the working apparatus very clearly "suppressed" 

the disagreeable sensations and problems of orientation in space, 

connected with the state of weightlessness, which were possible in 

this case. 


Illusions regarding the position in space are obviously the 

result of uncommon interactions of the analyzers, uncommon combina

tions of signals with various receptors. This can be a result of 

the fact that the weight of the body and the subjects has been lost, 

and the mass, and thus their inertial properties, are preserved. 

The illusions are lost when a new coordination of information from 

various analyzers is selected, SO that the astronaut can be correct

ly oriented in space. These illusions seem to be a symptom of a 

transitional period from one type of coordination in the analyzer 

region to another. 


The uncommon signal coming from the receptors of inner organs, 

the uncommon combinations of signals among various interoceptive 

zones, and among interoproprio- and exteroceptive zones as well, al

so play a definite role in the occurrence of vestibular-vegetative 

problems and illusions [l, 27, 491. These examples show that the 

analyzer activity of the central nervous system under conditions of 

weightlessness can be best understood in the light of Orbeli's 

study of the interaction of afferential systems, in which this 

interaction is understood as a plastic functional systemization in 

the work of analyzers, which has great possibilities for constructing 

new coordinations and which as a result facilitates a more complete 

and reliable reflection, under these conditions, of the external 

and internal (visceral) world in our consciousness [19, 231. 




EFFECTOR SPHERE, COORDINATION OF MOVEMENTS 


Both changing mechanical conditions (the lack of weight with 

conservation of mass and thus of inertial phenomena) and changing 

afferentation, which complicates correcting the movements according 

to the principle of feedback, have an effect on coordination of the 

movements. The adapting and perception-tonic reflexes, on whose 

foundation all other movement coordinations are built, change under 

the conditions of weightlessness. Moreover, a lack of reference 

points in outer space creates completely new conditions which are 

uncommon for biomechanics. 


The results of studies completed during short-lived weight

lessness on aircraft, and under conditions of acceleration as well, 

showed great possibilities for compensation and rapid restoration 

of coordinating basic movements [18, 24, 37, 41, 42, SO]. The as

tronauts' handwriting also improved significantly from loop to loop 

c12, 21, 251. 


In our opinion, the possibilities of carrying out complex

actions which are under the control of the cerebral cortex and which 

have great possibilities for adaptation, compensation, and represen

tation, must be even more advantageous. 


Actually, the astronauts on board "Voskhod" and "Voskhod-2" 

had no difficulty in carrying out the duties assigned to them. 

There were no complications noticed in coordination of movements. 

However, an analysis of the time spent in fulfilling a number of 

operations (work with instruments, plethysmometry, etc.) showed 

that, at the beginning of the flight, we could anticipate a certain 

increase in this time relative to standards on Earth or to that time 

required for the astronaut to complete these operations in subse

quent orbits of the flight. 


Thus, for example, on his first turn, V. Komarov, while exe

cuting certain duties, connected with orientation of the craft, 

spent about twice as much time as during subsequent revolutions or 

on Earth. Yegorov also noticed this in carrying out physiological 

measurements. It is quite possible that this phenomenon can be ex

plained by the effect of "external decceleration" as a result of 

the novelty of the situation and of the restructuring of habits 

relative to the conditions of weightlessness. In subsequent orbits 

of the flight, these phenomena, as a rule, are smoothed out and 

compensated. 


A study of the resolving power of the optical analyzer (taking 

the non-standard lighting conditions into account) did not reveal 

any significant changes. The operating optical efficiency decreased 

in a number of cases, but not to any significant degree. 


A study of the dynamic characteristics of the operator in a 

model control system seemed very interesting. Step-shaped, random, 
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and sinusoidal signals with certain rate responses were used. The 

operator (astronaut) had the possibility of regulating the controls 

by direct and indirect feedback in the system. It was found that, 

in comparison with the data obtained during conditioning in the 

experimental model craft, the mean square error of the operator 

under flight conditions increases more significantly at high rate 

of the signal presented. 


Yegorov also came to the conclusion that the dynamics of well

d'eveloped habits for carrying out the programmed operations were not 

disrupted at all. 


Thus the data obtained indicate that the cosmonauts maintained 
a sufficient level of efficiency during the flight to ensure total /31 

fulfillment of the many-sided flight program. 


An analysis of the conduct and movements of Leonov while he 

was outside the craft is of special interest. These data are an 

important factor in clarifying the possibilities for carrying out 

various work functions in the future (assembling objects in space, 

for example). It is interesting that, under conditions of weight

lessness, it takes little exertion to rotate the body in various 

planes at a fairly high angular velocity. The results of motion-

picture filming during the astronaut's walk confirm this assumption. 


A preliminary biomechanical analysis of the characteristics of 

Leonov's movements while he was outside the craft (and during stud

ies on Earth in a special test unit as well) indicates a completely 

satisfactory coordination of movements and the possibility of car

rying out many adjustments and movements with the aid of an umbili

cal. The astronaut knew how to carry out the necessary actions to 

prepare the movie-camera for operation and to dismantle it before 

returning into the craft. All the operations were completed manual

ly with no complications. These data are greatly encouraging from 

the point of view of the possibilities for man to carry out opera

tions outside a spacecraft. 


It is most probable that, in selecting astronauts, considera

tion of their individual abilities to rebuild coordinations in af

ferent as well as efferent spheres was very significant. It is im

portant to develop the training correctly, in order that the ability 

to rebuild coordinations may develop more greatly. 


We are suggesting that, in studying the possibilities for re
building the given coordinations and replacing some by others, the 
work of Orbeli and his school C 2 3 1  on the mechanisms for rebuilding 
coordinations, on how (in rebuilding biologically new coordinations) 
the old coordinations are suppressed and how their separate elements 
are used in part, can be of great aid. Special attention should be 
paid to the cerebellum in this case. Orbeli considered that one of 
the functions of the cerebellum is the suppression of old coordina
tions f o r  building new ones. In order to understand the mechanism 
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for b u i l d i n g  new c o o r d i n a t i o n s  u n d e r  t h e  uncommon c o n d i t i o n s  o f  
g r a v i t a t i o n ,  t h e  w o r k s  o f  N . A .  B e r n s t e i n  on  b u i l d i n g  movements  a n d  
t h e  r o l e  o f  v a r i o u s  l e v e l s  o f  t h e  n e r v o u s  s y s t e m  i n  i t  [ 9 1  a l s o  h a v e  
g r e a t  s i g n i f i c a n c e .  

SPHERE OF R E G U L A T I O N  OF THE V E G E T A T I V E  FUNCTIONS 

The s t a t e  o f  w e i g h t l e s s n e s s ,  a s  w e  n o t e d  e a r l i e r ,  c a n  b e  e x 
e r t e d  on  t h e  v e g e t a t i v e  f u n c t i o n s  b o t h  as  a d i r e c t  i n f l u e n c e  a s  a 
m e c h a n i c a l  f a c t o r  a n d  a s  a r e f l e x  e f f e c t  w i t h  r e f l e x o g e n i c  z o n e s .  /32
B u t  t h e  m a i n  c o n c e r n ,  a s  w e  h a v e  s u g g e s t e d ,  i s  t h e  d e s t r u c t i o n  o f  
c o o r d i n a t i o n s  a n d  t h e  s y s t e m  o f  s e l f - r e g u l a t i o n  o f  t h e  v e g e t a t i v e  
f u n c t i o n s .  

F o r  e x a m p l e ,  l e t  u s  e x a m i n e  t h e  c a r d i o v a s c u l a r  s y s t e m .  

L o s s e s  o f  w e i g h t  i n  b l o o d  c a n  b e  c a u s e d  b y  i n c o r r e c t  i n f o r m a 
t i o n  f r o m  t h e  m e c h a n o r e c e p t o r s  o f  t h e  v a s c u l a r  c a n a l  u n d e r  t h e  c o n 
d i t i o n  o f  h y p e r e m i a  o f  t h e  c o r r e s p o n d i n g  s e c t i o n  o f  t h e  v a s c u l a r  
c a n a l  w h i c h ,  i n  t u r n ,  r e s u l t s  i n  a n  i n a d e q u a t e  r e f l e x  r e a c t i o n ,  i n 
a d e q u a t e  r e d i s t r i b u t i o n  o f  t h e  b l o o d  a n d  u n f a v o r a b l e  c o n d i t i o n s  f o r  
t h e  o p e r a t i o n  o f  t h e  h e a r t .  L o s s e s  i n  t h e  " v e r t i c a l "  o f  a n  o r g a n i s m  
c a n  r e s u l t  i n  t h e  p r e s s u r e  g r a d i e n t  i n  t h e  v a s c u l a r  c a n a l  l o s i n g  o n e  
o f  i t s  v a l u e s .  I t  i s  p r o b a b l e  t h a t  t h e  a p p e a r a n c e  o f  a t h i r d  c y c l e  
f o r  t h e  a s t r o n a u t s '  s e i s m o - c a r d i o g r a m  [121 d e s c r i b e d  e a r l i e r  by 
o n e  o f  u s  ( 0 .  G a z e n k o )  i s  c o n n e c t e d  w i t h  t h e s e  s t r e s s e s  i n  i n t r a 
c a r d i a c  h e m o d y n a m i c s .  

For t h e  m a j o r i t y  o f  a s t o n a u t s ,  a f t e r  a c t i v e  p a r t i c i p a t i o n  i n  
a f l i g h t ,  t h e i r  p u l s e  r a t e  a n d  r e s p i r a t i o n  r e t u r n e d  t o  t h e  o r i g i n a l  
f i g u r e s  r a t h e r  r a p i d l y .  S u b s e q u e n t l y ,  a f t e r  2 or 3 r e v o l u t i o n s ,  i t  
w a s  n o t e d  t h a t  t h e  p u l s e  r a t e  t e n d e d  t o  d e c r e a s e  b e l o w  t h e  o r i g i n a l  
l e v e l .  T h i s  w a s  n o t i c e d  i n  p a r t i c u l a r  d u r i n g  s l e e p .  For e x a m p l e ,  
Y e g o r o v ' s  p u l s e  d u r i n g  t h e  f l i g h t  r e a c h e d  4 6  b e a t s / m i n .  I t  i s  t r u e  
t h a t  h i s  p u l s e  on E a r t h  d u r i n g  s l e e p  s o m e t i m e s  d e c r e a s e d  t o  5 2 ,  
w h i c h  w o u l d  i m p l y  a c e r t a i n  v a g a t o n i c  r e a c t i o n .  T h i s  i s  a l s o  i n 
d i c a t e d  by a c e r t a i n  e l o n g a t i o n  o f  t h e  a u r i c u l o v e n t r i c u l a r  c o n d u c 
t i v i t y .  

I n  a number o f  s p a c e  f l i g h t s ,  a d e c r e a s e  i n  t h e  maximum a r 
t e r i a l  p r e s s u r e  w a s  r e g i s t e r e d .  I n  p a r t i c u l a r ,  Y e g o r o v  n o t i c e d  
t h i s  i n  h i s  c o l l e a g u e s .  Thus  K o m a r o v ' s  maximum a r t e r i a l  p r e s s u r e  
d e c r e a s e d  t o  9 5  m m  Hg a s  o p p o s e d  t o  1 1 5  mm Hg b e f o r e  t h e  s t a r t ,  
a n d  t h e  minimum p r e s s u r e ,  on  t h e  o t h e r  h a n d ,  i n c r e a s e d  f r o m  6 5  t o  
8 0  m m  Hg. The d e c r e a s e  i n  t h e  maximum a r t e r i a l  p r e s s u r e  a n d  t h e  
t e n d e n c y  �or t h e  m i n i m a l  p r e s s u r e  t o  i n c r e a s e  r e s u l t e d  i n  a c e r t a i n  
d e c r e a s e  i n  t h e  a s t r o n a u t s '  p u l s e  p r e s s u r e .  

However ,  t h e  t e n d e n c y  o f  t h e  p u l s e  r a t e  t o  o s c i l l a t e  a t t r a c t s  
t h e  m o s t  a t t e n t i o n .  F o r  e x a m p l e ,  for a l m o s t  a l l  t h e  a s t r o n a u t s  
t h e  r e a c t i o n  t o  t h e  t r a n s i t i o n  f r o m  s l e e p  t o  w a k e f u l n e s s  i s  c h a r 
a c t e r i z e d  b y  a s h o r t - l i v e d  i n c r e a s e  i n  p u l s e  r a t e  w i t h  a s u b s e q u e n t  
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d e c r e a s e  a n d  by  l o n g e r - t e r m  d i s t u r b a n c e s  o n  t h e  p a r t  o f  t h e  s y s t o l i c  
i n d i c a t e r ,  t h e  t i m e  f o r  a u r i c u l o v e n t r i c u l a r  c o n d u c t i v i t y ,  a n d  b y  a 
d e c r e a s e  i n  t h e  e l e c t r i c  s y s t o l e  as w e l l .  

The a s t r o n a u t s  o n  b o a r d  "Voskhod" a n d  "Voskhod-2"  n o t e d  t h a t  
e v e n  m o d e r a t e  p h y s i c a l  s t r e s s  r e s u l t e d  i n  a n o t i c e a b l e  t e n d e n c y  t o  
p e r s p i r e  a n d  s o m e t i m e s  i n  i n c r e a s e d  f a t i g u e .  b 

A l l  t h i s  o b v i o u s l y  i n d i c a t e s  d i s t u r b a n c e s  i n  r e g u l a t i n g  t h e  
v e g e t a t i v e  f u n c t i o n s  i n  a s t a t e  o f  w e i g h t l e s s n e s s ,  some i n s t a b i l i t y  
i n  t h e  new c o o r d i n a t i o n  or r e g u l a t i o n  o f  t h e  v e g e t a t i v e  f u n c t i o n s ,  
a n d  d y s t o n i a ,  or a n  u n s t a b l e  b a l a n c e  b e t w e e n  t h e  s y m p a t h e t i c  a n d  
p a r a s y m p a t h e t i c  p a r t s  o f  t h e  v e g e t a t i v e  n e r v o u s  s y s t e m .  Gazenko  
e a r l i e r  p r e s e n t e d  a p h y s i o l o g i c a l  i n t e r p r e t a t i o n  o f  t h e s e  phenomena  / 3 3  
i n  a d i s c u s s i o n  a t  t h e  I I I r d  Symposium o n  B i o a s t r o n a u t i c s  i n  T e x a s ,  
i n  November ,  1 9 6 4 .  The r e s u l t s  o b t a i n e d  h a v e  s t i m u l a t e d  f u r t h e r  
s t u d i e s  r e l a t i v e  t o  more  p r o l o n g e d  f l i g h t s ,  i n  p a r t i c u l a r .  

We s h o u l d  n o t e ,  h o w e v e r ,  t h a t  f o r  t h e  c o s m o n a u t s  on  b o a r d  
"Voskhod-2"  t h e r e  were  n o t e d  c e r t a i n  s p e c i a l  c h a r a c t e r i s t i c s  o f  t h e  
p h y s i o l o g i c a l  r e a c t i o n s  w h i c h  d i f f e r e d  f r o m  t h o s e  o b s e r v e d  i n  a l l  
t h e  p r e c e d i n g  f l i g h t s .  A f t e r  t h e  c r a f t  w e n t  i n t o  o r b i t ,  t h e  r a t e  
o f  B e l y a y e v ' s  a n d  L e o n o v ' s  c a r d i a c  c o n t r a c t i o n s  c o n t i n u e d  t o  i n 
c r e a s e  somewhat  f u r t h e r :  t h e r e  w a s  n o t i c e d  a m o d e r a t e  t a c h y c a r d i a  
( F i g .  1) .  T h i s  w a s  o b v i o u s l y  l i n k e d  w i t h  t h e  a c c o m p l i s h m e n t  o f  a 
c o m p l e x  o f  p l a n n e d  o p e r a t i o n s  w h i c h  p r o ' v i d e d  f o r  t h e  s e c o n d  a s t r o 
n a u t ' s  w a l k  i n  s p a c e .  I n  t h i s  c a s e ,  r e s p i r a t i o n  a l s o  i n c r e a s e d  
s i g n i f i c a n t l y .  The s i m i l a r  n a t u r e  o f  t h e  r e a c t i o n s  i n  g e n e r a l  c o n 
f o r m s  w i t h  t h a t  o b s e r v e d  d u r i n g  t r a i n i n g  o p e r a t i o n s  w i t h  a s i m u l a 
t i o n  o f  t h e  w a l k  on  E a r t h .  
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F i g .  1. P u l s e  R a t e  a n d  Ocu logram d u r i n g  L e o n o v ' s  a n d  B e l y a y e v ' s  
F l i g h t .  (1) B e l y a y e v ' s  P u l s e ;  ( 2 )  L e o n o v ' s  P u l s e '  ( 3 )  B e l y a y e v ' s  
O c u l o g r a m ;  (4) L e o n o v ' s  Ocu logram 
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E x a m i n a t i o n  o f  t h e  o c u l o g r a m  f o r  B e l y a y e v  a n d  Leonov  d u r i n g  
f l i g h t  showed  a h i g h  r a t e  o f  e y e b a l l  movements  d u r i n g  t h e  p e r i o d  
f r o m  t h e  f i r s t  t o  t h e  f o u r t h  l o o p s ,  w h i c h  a l s o  o b v i o u s l y  i n d i c a t e d  
t h e  s i g n i f i c a n t  a c t i v i t y  o f  t h e  a s t r o n a u t s  i n  t h a t  o r b i t  o f  t h e  
f l i g h t  ( F i g .  1 ) .  

A t  t h e  moment o f  L e o n o v ' s  e x i t ,  a n d  w h i l e  h e  w a s  o u t s i d e  t h e  
c r a f t ,  h i s  p u l s e  r a t e  a n d  r e s p i r a t i o n  i n c r e a s e d ,  t h i s  b e i n g  e a s i l y  
l i n k e d  w i t h  n a t u r a l  e m o t i o n a l  t e n s i o n .  I n  f a c t ,  a f t e r  r e t u r n i n g  
i n s i d e  t h e  c r a f t ,  t h e s e  i n d i c a t o r s  were r a p i d l y  n o r m a l i z e d .  T h u s ,  
a t  t h e  e n d  o f  t h e  " e x i t "  p e r i o d ,  L e o n o v ' s  p u l s e  r a t e  became e q u a l  
t o  1 0 0 - 1 2 0 / m i n  a n d  c o r r e s p o n d e d  t o  t h e  v a l u e s  n o t e d  d u r i n g  s i m i l a r  
t r a i n i n g  o n  E a r t h ;  a t  t h e  moment o f  h i s  e x i t  i t  i n c r e a s e d  t o  150
1 6 0 ;  w h i l e  e n t e r i n g  t h e  l o c k ,  when a n  a s t r o n a u t  u n d e r g o e s  c e r t a i n  
d i f f i c u l t i e s ,  h i s  p u l s e  r a t e  r e a c h e d  1 6 8 ;  a f t e r  h a v i n g  e n t e r e d  t h e  
l o c k ,  h i s  p u l s e  r a t e  d e c r e a s e d  f a i r l y  r a p i d l y  t o  1 0 0 - 1 2 0  ( F i g .  2 ) .  
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F i g .  2 .  L e o n o v ' s  a n d  B e l y a y e v ' s  P u l s e  R a t e  a n d  R e s p i r a t i o n  d u r i n g  
L e o n o v ' s  Emergence  i n t o  O u t e r  S p a c e .  (1) B e l y a y e v ' s  P u l s e  R a t e  
( 2 )  L e o n o v ' s  P u l s e  R a t e ;  ( 3 )  B e l y a y e v ' s  R e s p i r a t i o n ;  ( 4 )  L e o n o v ' s  
R e s p i r a t i o n .  

An a n a l y s i s  o f  b l o o d  t e s t s  f o r  F e o k t i s t o v  a n d  Yegorov  t a k e n  
a t  t h e  2nd a n d  1 2 t h  l o o p s  o f  t h e  f l i g h t  o f  "Voskhod" d i d  n o t  show 
a n y  c h a n g e s  i n  t h e  c a r b o h y d r a t e  a n d  s a l t  m e t a b o l i s m .  A c e r t a i n  
i n c r e a s e  i n  t h e  p e r c e n t a g e  o f  u r e a  i n  t h e  b l o o d  - up t o  4 1 - 5 1  mg% 
( w h i l e  d u r i n g  c o n t r o l  t e s t s  i t  d i d  n o t  o n c e  e x c e e d  4 0  mg%) - w a s  
a l s o  n o t e d .  T h i s  o b v i o u s l y  i n d i c a t e s  a somewhat  i n c r e a s e d  decompo
s i t i o n  o f  p r o t e i n s  u n d e r  f l i g h t  c o n d i t i o n s .  M o r e o v e r ,  a l e u k o c y t o 
s i s  w a s  a l s o  n o t e d  i n  Y e g o r o v .  
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The pulmonary venti,lation of the cosmonauts increased signifi- /35
-
cantly during the flight. For example, it increased by a factor of 

2-3 for Belyayev and Leonov. The need for oxygen changed ambig

uously, thus preventing definite conclusions. 


A comparison of the physiological data registered during 

flights of varied length (for the craft "Vostok") with data from 

the flights of 3 astronauts ("Voskhod") and 2 astronauts ("Voskhod

2") aids us in evaluating the significance of emotional stress 

within the framework.of physiological reactions, the significance 

of individual psychophysiological characteristics of the astronauts, 

and the factor of flight length. 


It seems that the indicators characterizing the state of the 

cardiovascular and respiratory systems for the crews of "Voskhod" 

and "Voskhod-2" in the pre-launch period, and during active par

ticipation in the flight, changed to a lesser degree than for the 

astronauts who had previously completed flights on "Vostok". Thus, 

for example, if the pulse rate for V. Bykovskiy during active par

ticipation was 137/min. and for V. Tereshkova it was 151, then for 

Komarov, Feoktistov and Yegorov it was equal to 98, 102, and 109/ 

min. respectively (Table 1). Transition from excess gravity to 

weightlessness was smooth, and, as the astronauts said, "impercep

tible". 


TABLE 1. CHANGE IN PULSE RATE FOR THE ASTRONAUTS DURING 

FLIGHT (IN PERCENT OF THE ORIGINAL LEVEL). 

~ . .  . .  .
Pulse Rate , be-ats/min. 

Astronauts Original 1 Before Launch ActiveCraft 


Vostok-5 

Vostok-6 

Voskhod 

Voskhod 

Voskhod 


V. Bykovskiy 

V. Tereshkova 

V. 	Komarov 

K. Feoktistov 

B. Yegorov 


64 

78 

72 

76 

63 


Partici


. .  . _  
207 226 214 
162 178 194 
152 124 136 

126 134 

pation 


136 1 149 1 175 

Thus space flights carrying a crew obviously have definite 

superiority over solitary flights, from medical and physiological 

reactions in practically all orbits of the flight and even before 

launch. It is easy to see the beneficial value in the "feeling 

of .fellowship" from the data presented. 


Twenty-four hours after the flight, functional cardiovascular /36 

tests (passive orthostatic test, test with proportioned physical 

excess gravity) allowed us to find certain special characteristics 

of the reactions. Thus the reaction to excess gravity was some

what more expressed, and the recovery period lasted longer than 

before the flight. The shock and minute volumes also decreased 

somewhat (for Feoktistov and Yegorov by 26-47%), and the pulse 

pressure decreased (by 10-24 mm Hg). For Yegorov after the 
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functional test, a decrease in the arterial pressure was noted. 


Biochemical studies on the blood after the flight showed an 

increase in cholesterol. For example, the night after the flight 

of the astronauts on the "Voskhod", the percentage of cholesterol 

reached 260-290 mg% instead of the 120-180 mg% which was normal 

for them. The next morning, it had already dropped to 220-260 mg%, 

and had completely returned to its original value after 2 weeks. 


These data probably indicate a certain tension in the lipoid 

metabolism, and the possibility for a fairly prolonged period of 

after-effects as well. 


Studies of the sugar content in the blood of the astronauts 

on the "Voskhod" after the flight showed great individual peculiari

ties. Thus, for example, low sugar concentrations were character

istic for Yegorov, and, on the contrary, somewhat increased concen

trations for Komarov. A study of the amount of ketocoricosteroids 

and of the indicator of the K/Na ratio in the urine did not reveal 

any serious divergences from the norm. However, these results 

were obtained after a day-long flight, and we could anticipate a 

stronger reaction for longer-term flights. 


The day following his flight, Belyayev's energy expenditure 

exceeded the original value by 29%, but only by 13% for Leonov. 


Two days after their flight, a functional study of Komarov's 

and Yegorov's kidneys was conducted by the method of water volume. 

It was found that the removal of water from the organism was de 

celerated in comparison with the results of analogous studies be 

fore the flight and 2 weeks after it. In this case, the astronauts 

had no breakdowns in the glomerulus filtration, and the concentra

tion capacity of the kidneys did not develop. We should note that 

the astronauts did not experience thirst during flight, although 

the losses in water were fairly significant. Immediately after 

landing, they felt a strong thirst. It is probable that these 

changes were caused by nervous-emotional tension and hormonal 

stresses occurring during the astronauts' flight. In particular, 

this breakdown of the water-excretory function could be connected 

with secretion of an antidiuretic hormone. 


The changes involving energy expenditure and water metabolism 
give us supplementary material for explaining the well-known pheno
menon of the astronauts' weight l o s s  after the flight. The weight 
of the astronauts on "Voskhod" and "Voskhod-2" as a result of the / 3 7-
flight decreased by 1-3 kg; for Komarov, by 1.9; for Feoktsitov by 

2.9; for Yegorov by 3 ;  for Belyayev by 1.0; and for Leonov by 0.9 

kg * 

These data show that, under the conditions of weightlessness, 

the primary physiological effects are not local changes (for exam

ple, humoral changes) but breakdowns in the general nerve-reflex 
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regulation and self-regulation. The origin of this whole series of 
changes is the change in signals from the receptors and primarily 
of the cardiovascular system. The changes in the character of sig
nalization f r o m  the vascular receptors, as we know, can cause radi
cal changes in the regulation of blood circulation [44, 481. The 
latter results in breakdowns of the environmental stability which 
is necessary for specific activity of various tissues, and in break
downs of the Tissue metabolism as well. 

The results of the post-flight examination show that the func 

tional stresses and the instability of regulation for the vegeta

tive functions (found during tests with weight in particular) can 

be observed �or some time after the flight. 


In relation to this, it would be appropriate to be 'reminded 
of the special characteristics of the reaction of the organism of 
an astronaut during transition from acceleration to weightlessness 
and from weightlessness to acceleration [ 1 2 ,  20, 51, 52, 581. 
During transition from weightlessness to acceleration, the resist
ance to excess gravity of an organism which is in a state of insta
ble rebuilding of the vegetative functions would probably be weak
ened. In fact, the astronauts repeatedly insisted that the acceler
ations during return to Earth were more unbearable then during en
try into orbit [12, 55, 581. 

During an astronaut's active participation in the flight, his 
pulse rate and respiration significantly exceeded those which were 
noted during the effect of similar conditions in .a centrifuge. 
The time for the return of these indicators to the original level 
after the end of the effect of accelerations in the space flight, 
as has already been explained some time ago, [ 9 ,  12, 35, 581 ex
ceeded by a large factor the corresponding values during studies 
in a centrifuge on Earth. This period was particularly prolonged 
during the flight of 11Voskhod-2",which we stated earlier in con
nection with the astronauts' problems in preparing for the "walk" 
in space. 

A l l  this indicates that the reactions of the organism of the 

astronauts relates to a whole complex of causes, of factors in

fluencing them. In this case, we should consider the qualitative 

and quantitative features of the influence on an organism of a 

combination of a number of simultaneously influencing factors, the 

significance of the definite after-effect of the influence of 

various factors, and also the significance of the entire complex of 

external and internal conditions, among which the condition of the 

organism, and in particular its nervous system before preparation 

for conditioning, play an important role. By this example we can 

be convinced that it is not sufficient to be limited to the study /38
-
of the influence on an organism of separate factors of flight, but 

that a synthetic evaluation of their entire complex is necessary 

[ll, 541. The problem we touched upon is very timely and requires 

special study that goes beyond the limits of this paper. 


34 


I 




Thus we see here the expediency for applying the synthetic 
principle in studying the physiological effects of gravitation [14, 
23, 26, 5 4 1 .  

SEVERAL GENERAL C O N C L U S I O N S  

Analysis of the above data, in o u r  opinion, allows us to draw 
certain preliminary conclusions. 

The effect of weightlessness, as a mechanical factor applied 

directly during physiological processes, is most likely not very 

important. 


The changes in the receptor functions and in the region of 

afferentation are of primary importance. 


The afferentation, which is uncommon because of its general 

quantity and composition, causes the following basic groups of re 

actions: 


- a general non-specific stress-reaction; 

- breakdowns in perception by external and internal (intero
and proprioceptive signalization) analyzers which result in illu
sions (including the breakdown of spatial orientation and spatial 
analysis); 

- inadequate reactions on the part of internal organs, break
down of self-regulation and coordination of the vegetative func
tions; the so-called vestibular-vegetative breakdowns; 

- breakdowns in coordination of movements and decrease in 
operational efficiency. 

Immediately after the transition to weightlessness, the fol 

lowing mechanisms for adaptation of an organism to uncommon gravi

tational conditions, mechanisms for compensation and representation 

of the collapsing and dying-out functions, appear. 


- Mechanisms of non-specific afferentation, which are closely 
related to the stress-reaction; 

- Rebuilding in the sphere of afferentation; new coordination 
of activity for the analyzers, which results in a possibly more com
plete and reliable reflection of the world under the uncommon con
ditions of gravitation; this rebuilding is done under control and, 
because of corrections by higher sections of the central nervous 
system, with the cerebral cortex, in particular: 

- Rebuilding by regulation of the activity of inner organs; 
new coordination of their activity, in order to guarantee stability 
in the environment and the functional possibilities of the organism 
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(in this case, orbits of more or less complete compensation f o r  
the functions which have broken down are observed); however, even /39 
with satisfactory compensation, the reserve possibilities f o r  the 
organism are somewhat limited (which is seen by applying excess 
gravity), and the new coordination is somewhat inadequate (at least 
during short flights); 

- Rebuilding in the domain of somatic functions; the new co
ordination of movements is done under control and with a great a
mount of participation by the higher sections of the central nervous 
system; preliminary preparation and conditioning plays an important 
role; in this case, compensation (adaptation', representation) is 
guaranteed for elementary habits as well as for complicated types 
o f  activity; there are symptoms, however, which indicate that the 
compensation is not always complete (at least during short flights). 

SEVERAL RECOMMENDATIONS 


The prospects of more distant and prolonged flights in space, 
in which the astronaut will have the complex duties of pilot and 
researcher, require development o f  the corresponding practical 
methods for selecting and preparing the astronauts, and for pro
ducing optimal conditions and regimes for their work and for pre
ventive and safety measures. 

The following are necessary for solving this problem: 


1. A profound and systematic study of'the effect on an astro

naut of flight factors (weightlessness, in particular) and of the 

mechanisms of adaptation to them would entail foreseeing the organ

ism's reaction under the conditions of various itineraries in space, 

and to plan the flight program, the duties of the astronaut, and 

safety measures correctly. 


2. In selecting astronaut candidates, obviously, we must con

sider the individual characteristics of the plasticity and motility 

of the nervous system, its possibilities, in correspondence with 

the new environmental conditions to rebuild the old coordinations 

in the afferent and efferent domains and also in the activity of 

the intern31 organs; in preparing the astronauts, these abilities 

must be developed more. 


3. We must study the role of separate parts of the central 
nervous system ( f o r  example, the cerebellum, the sympathetic nerv
ous system, and others) in rebuilding coordinations adequate for 
the environmental conditions, we must also study the possibilities 
of pharmacological effects or any others which might aid in linking 
this rebuilding. 

4. We must use the possibilities for non-specific conditioning 
and increase the adaptive capacities of a man, for example, who 
lives in a mountainous region C5, 471. 
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5. We must develop rational methods for training and condi

tioning, which would aid in rebuilding the organism adequately for 

conditions of the flight. An example of this could be Leonov's 

training to be oriented in space with the aid of artificial ori

enting-coordinates, or the planned creation of some o7erational 

dominance which would prevent the occurrence of vestibular-vege

tative breakdowns. 


We are suggesting that only the first steps have been taken 

on this path. The road ahead is long and difficult, but extremely 

interesting and, we can hope, a fruitful work which promises solu

tion to the problems that are important for astronautics and, at 

the same time, exceptionally interesting for studying the theoreti

cal problems in biology and medicine. And this is a goal which de

serves the fellowship and collaboration of scientists in every 

country. 
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THE PROBLEM OF GATHERING DIAGNOSTIC INFORMATION UNDER THE 

CONDITIONS OF A SPACE FLIGHT AS ONE OF THE TRENDS IN 


MEDICAL CYBERNETICS' 


V .  V .  P a r i n  and R .  M .  Bayevskiy  

ABSTRACT:  New c o n c e p t s  on g a t h e r i n g  d i a g n o s t i c  
i n f o r m a t i o n  under  t h e  c o n d i t i o n s  of d space  f Z i g h t  
a r e  examined i n  t h i s  a r t i c Z e  as  one of t h e  t r e n d s  
i n  medica2 c y b e r n e t i c s .  The t e r m  "phys ioZogicaZ
m e a s u r i n g - i n  f o r m a t i o n a  Z s y s  tern " is proposed ,  and 
four i m p o r t a n t  a s p e c t s  of t h i s  probZem a r e  s e -
Zec ted .  New p r o m i s e s  a r e  p r e s e n t e d  for deve  Z 
op ing  s y s t e m s  for g a t h e r i n g  d i a g n o s t i c  i n f o r m a 
t i o n  r e Z a t i v e  t o  space  f Z i g h t s  c o n t i n u e d  for a 
g r e a t  Zength of t i m e ,  u s i n g  on-board caZcuZat ing
d e v i c e s ,  and c o n s t r u c t i n g  e f f e c t i v e  d i a g n o s t i c
aZgor i thms  on t h e  b a s i s  of t r e a t i n g  a Z imi t ed  
voZume of phys ioZog icaZ  d a t a .  

One important problem in modern space medicine entails collect-/42
ing the diagnostic information necessary for guaranteeing safety 
in space flights. In order to solve this problem, we are using the 
very latest achievements in science and technology in the areas of 
radioelectronics, biotelemetry, energetics, etc. The development 
of medical cybernetics has allowed us to introduce new concepts 
on gathering diagnostic information under the conditions of a space 
flight. The examination of these concepts is the subject of this 
article. 

First of all, we should mention that the system for gathering 
medical (especially physiological) information on board a space
craft can entail a number of complex cybernetic systems in which 
the transmission, reception, collection, and processing of informa
tion occur. We are proposing the term "physiological measuring-
informational system", which emphasizes the following four impor-. 
tant aspects of the problem: p h y s i o Z o g i c a 2  - f o r  natural solution 
to physiological (medical, diagnostic) problems; measur ing  - con
nected with a quantitative evaluation of the physiological processes; 

f Presented at the XVIth International Astronautics Congress, 
Athens, September 13-18, 1965. 
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informational - e x a m i n i n g  t h e  d a t a  c i r c u l a t i n g  i n  t h e  s y s t e m  as  
c o n t r o l  a n d  c o m m u n i c a t i o n  s i g n a l s ;  a n d ,  f i n a l l y ,  t h e  a s p e c t  w h i c h  
e m p h a s i z e s  t h e  n e c e s s i t y  f o r  a s p e c i a l l y  o r g a n i z e d  system, whose  
e l e m e n t s  w o u l d  c o n s i s t  o f  a c o m p l e x  o f  m e d i a  w h i c h  p r o v i d e  f o r  ob
t a i n i n g  a maximum volume o f  i n f o r m a t i o n  o n  t h e  p h y s i o l o g . i c a 1  c o n d i 
t i o n  o f  t h e  a s t r o n a u t .  I n  a v e r y  g e n e r a l  w a y ,  t h e  p h y s i o l o g i c a l  
m e a s u r i n g - i n f o r m a t i o n a l  s y s t e m  c a n  c o n s i s t  o f  a n  i n f o r m a t i o n  s o u r c e  /43 
w i t h  o n b o a r d  a n d  t e r r e s t r i a l  e q u i p m e n t ,  a n  i n f o r m a t i o n  r e c e i v e r ,  
a n d  c o m m u n i c a t i o n  c h a n n e l s .  T h a t  p a r t  o f  t h e  d a t a  w h i c h  comes f r o m  
t h e  i n f o r m a t i o n  s o u r c e  ( t h e  a s t r o n a u t )  t o  t h e  i n f o r m a t i o n  r e c e i v e r  
( t h e  d o c t o r ) ,  p r o c e s s e d  f o r  t h e  s o l u t i o n s  a n d  c o n t r o l s  w h i c h  a r e  
d i r e c t l y  c o n n e c t e d  w i t h  g u a r a n t e e i n g  f l i g h t  s a f e t y ,  c a n  b e  c a l l e d  
d i a g n o s t i c  i n f o r m a t i o n .  I n  t h i s  c a s e ,  t h e  t i m e  f o r  a n  i n f o r m a t i o n  
c y c l e ,  : . e . ,  t h e  t i m e  f r o m  t h e  moment of  t h e  a p p e a r a n c e  o f  d a t a  f r o m  
t h e  a s t r o n a u t  i n t o  t h e  m e a s u r i n g  s y s t e m  t o  t h e  moment t h e y  a r e  ob 
t a i n e d  b y  t h e  m e a s u r i n g  s y s t e m  or t h e  s p a c e c r a f t ’ s  c o n t r o l  s y s t e m ,  
i s  o f  v e r y  g r e a t  s i g n i f i c a n c e .  I t  i s  c l e a r  t h a t ,  u n d e r  t h e  c o n d i 
t i o n s  o f  a s p a c e  f l i g h t ,  t h e  t i m e  f o r  c i r c u l a t i n g  i n f o r m a t i o n  m u s t  
b e  minimum. On t h e  b a s i s  o f  t h e  c o n c e p t s  f o r  t h e  p h y s i o l o g i c a l 
m e a s u r i n g - i n f o r m a t i o n a l  s y s t e m ,  w e  c a n  e x a m i n e  t h e  f o l l o w i n g  t h r e e  
p r o b l e m s  i n  s e q u e n c e  : d e v e l o p i n g  s y s t e m s  f o r  g a t h e r i n g  d i a g n o s t i c  
i n f o r m a t i o n  r e l a t i v e  t o  a v e r y  l o n g  s p a c e  f l i g h t ;  u s i n g  o n b o a r d  c a l 
c u l a t i n g  d e v i c e s ;  c o n s t r u c t i n g  a l g o r i t h m s  for p r o c e s s i n g  t h e  i n f o r m a 
t i o n .  

D u r i n g  f l i g h t s  b y  S o v i e t  a n d  A m e r i c a n  a s t r o n a u t s ,  t h e  s y s t e m s  
for c o l l e c t i n g  p h y s i o l o g i c a l  d a t a  c o u n t e d  m a i n l y  on s o l u t i o n  t o  
p r o b l e m s  b y  m e d i c a l  s u p e r v i s i o n .  I n  s e l e c t i n g  t h e  m e a s u r e d  param
e t e r s  a n d  d e s i g n i n g  t h e  e l e c t r o n i c  e q u i p m e n t ,  t h e  p r i n c i p a l  g o a l  
w a s  t h a t  a n  a s t r o n a u t ’ s  c o n d i t i o n  b e  e v a l u a t e d  d u r i n g  t h e  t i m e  h e  
w a s  i n  o r b i t  a n d ,  when n e c e s s a r y ,  t h a t  h e  b e  g i v e n  m e d i c a l  a i d .  
The p r o b l e m  o f  g a t h e r i n g  a g r e a t e r  amount  o f  s c i e n t i f i c  i n f o r m a t i o n  
w h i c h  w o u l d  b e  o f  i n t e r e s t  f o r  p r e d i c t i n g  t h e  a s t r o n a u t s ’  r e a c t i o n s  
a n d  for p l a n n i n g  t h e  p r o g r a m s  f o r  f u r t h e r  f l i g h t  e x p e r i m e n t s  w a s  
s o l v e d  s i m u l t a n e o u s l y  [ 2 0 ] .  H o w e v e r ,  t h i s  t a s k ,  a s  w e  s e e  i t ,  w a s  
c o n s i d e r e d  s e c o n d a r y .  The t r a n s i t i o n  t o  l o n g e r - p e r i o d  a n d  l o n g e r -
r a n g e  s p a c e  f l i g h t s  f o r c e s  u s  t o  e x a m i n e  t h e  s e c o n d  p r o b l e m  on t h e  
same l e v e l  w i t h  t h e  p r o b l e m s  of m e d i c a l  c o n t r o l .  The f a c t  i s  t h a . t ,  
d u r i n g  a l e n g t h y  f l i g h t ,  a r a t h e r  a c c u r a t e  p r e d i c t i o n  o f  d a n g e r o u s  
d e v e r g e n c e s  i n  t h e  a s t r o n a u t ’ s  c o n d i t i o n  c a n n o t  b e  made o n l y  on t h e  
b a s i s  o f  t h e  d a t a  o b t a i n e d  d u r i n g  e x p e r i m e n t s  on  E a r t h ,  or o n  t h e  
b a s i s  o f  t h e  l i m i t e d  i n f o r m a t i o n  r e c o r d e d  d u r i n g  t h e  f l i g h t .  I t  i s  
n e c e s s a r y  t h a t  t h e  r e s u l t s  o f  p e r i o d i c a l l y  d e v e l o p e d  m e d i c a l  s t u d 
i e s  b e  p r o c e s s e d  f o r  d i a g n o s t i c  c r i t e r i a ,  i n  o r d e r  t h a t  t h e  o p e r a 
t i v e  m e d i c a l  c o n t r o l  b e  i n s t a n t a n e o u s .  H e r e ,  t h e  p r o b l e m s  o f  ob
t a i n i n g  i n f o r m a t i o n  a r e  c l o s e l y  c o n n e c t e d  w i t h  d e v e l o p i n g  e f f e c t i v e  
d i a g n o s t i c  a l g o r i t h m s .  

The d e v e l o p m e n t  o f  a s y s t e m  f o r  g a t h e r i n g  p h y s i o l o g i c a l  i n f o r 
m a t i o n  d u r i n g  l o n g - p e r i o d  a n d  l o n g - r a n g e  f l i g h t s  i n c l u d e s  s o l u t i o n  
t o  t h e  f o l l o w i n g  p r o b l e m s :  o b t a i n i n g  a maximum volume o f  d a t a  w h i l e  
u s i n g  a minimum amount  o f  e q u i p m e n t ;  t r a n s m i t t i n g  a maximum volume /44 
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o f  d a t a  b y  a t e l e m e t r i c  c h a n n e l  w i t h  l i m i t e d  c a p a c i t y ;  d e c r e a s i n g  
t h e  t i m e  f o r  p r o c e s s i n g  t h e  i n f o r m a t i o n .  

The l a s t  p r o b l e m  i n v o l v e s  t w o  c i r c u m s t a n c e s :  t h e  n e c e s s i t y  
f o r  r a p i d  s o l u t i o n s  i n  t h e  s y s t e m  o f  t h e  o p e r a t i v e  m e d i c a l  c o n t r o l ,  
a n d  t h e  n e c e s s i t y  for r a p i d  r e - c o d i n g  of a l a r g e  amount  o f  s c i e n 
t i f i c  d a t a  i n t o  c o n c r e t e  d i a g n o s t i c  c r i t e r i a  w h i c h  c a n  b e  u s e d  f o r  
i n c r e a s i n g  t h e  f l i g h t  s a f e t y .  The p r e s e n c e  o f  a d o c t o r  as a member 
o f  t h e  s p a c e  c r e w  d o e s  n o t  s i m p l i f y  t h e  p r o b l e m  b e i n g  e x a m i n e d ,  
s i n c e  t h e  d o c t o r ' s  p r e p a r a t i o n s ,  t h e  p o s s i b i l i t y  o f  h i s  p r o c e s s i n g  
t h e  i n f o r m a t i o n ,  a n d  h i s  r e s p o n s i b i l i t y  h a v e  d e f i n i t e  l i m i t s  [19]. 

The p r o b l e m s  o f  t h e  o p t i m a l  s t r u c t u r e  f o r  t h e  p h y s i o l o g i c a l  
m e a s u r i n g  s y s t e m s  on b o a r d  a s p a c e c r a f t  h a v e  b e e n  e x a m i n e d  b y  u s  i n  
a number o f  s t u d i e s  [ll, 1 7 ,  181. One o f  t h e  new p r i n c i p l e s  w e  
p r e s e n t e d  w a s  t h e  s e p a r a t i o n  o f  t w o  i n d i v i d u a l  o n b o a r d  m e a s u r i n g  
s y s t e m s :  o n e  f o r  m e d i c a l  c o n t r o l ,  a n d  t h e  o t h e r  f o r  m e d i c a l  
s t u d i e s .  

The s y s t e m  o f  m e d i c a l  c o n t r o l  i s  a somewhat  s i m p l i f i e d  v e r s i o n  
o f  t h e  p h y s i o l o g i c a l  m e a s u r i n g  s y s t e m s  now w o r k i n g  i n  t h e  c r a f t  
" V o s t o k " ,  "Voskhod" ,  " M e r c u r y " ,  a n d  " G e m i n i " .  I t  i s  i n t e n d e d  f o r  
r e c o r d i n g  a s m a l l  amount  o f  d a t a ,  e n o u g h  f o r  d e t e c t i n g  a n d  r e c o g 
n i z i n g  s u c h  r a p i d l y  o r  s u d d e n l y  a p p e a r i n g  a c u t e  d i s t u r b a n c e s  ( c o n 
d i t i o n s )  as  s h o c k ,  c o l l a p s e ,  a c u t e  c a r d i o v a s c u l a r  i n s u f f i c i e n c y ,  
e t c .  I n  t h i s  c a s e ,  i t  i s  n e c e s s a r y  t o  r e c o r d  t w o  or t h r e e  p h y s i o 
l o g i c a l  p a r a m e t e r s  as  c o n t i n u o u s l y  a s  p o s s i b l e .  I n  t h e  f u t u r e ,  
t h i s  w i l l  b e  d o n e  b y  u s i n g  a t e l e m e t r i c  s y s t e m  w i t h i n  t h e  c a b i n ,  
w h i c h  a l l o w s  f o r  m e d i c a l  c o n t r o l  w h i l e  t h e  a s t r o n a u t s  move a b o u t  
f r e e l y  t h r o u g h o u t  d i f f e r e n t  s e c t i o n s  o f  t h e  s p a c e c r a f t .  The s y s t e m  
f o r  m e d i c a l  s t u d i e s  n u s t  h a v e  a somewhat  g r e a t e r  number o f  c h a n n e l s ,  
s i n c e  i t s  s i g n i f i c a n c e  c o n s i s t s  i n  c o l l e c t i n g  d e t a i l e d  d a t a  on t h e  
c o n d i t i o n  o f  v a r i o u s  p h y s i o l o g i c a l  f u n c t i o n s  o f  t h e  a s t r o n a u t ' s  
o r g a n i s m .  However ,  b e c z u j e  1)f t h e  l i m i t s  t o  t h e  w e i g h t ,  b u l k ,  a n d  
e n e r g y  r e q u i r e m e n t s  f o r  t h e  o n b o a r d  e q u i p m e n t ,  i t  i s  d i f f i c u l t  t o  
c o u n t  on m a i n t a i n i n g  a n  e s s e n t i a l  p r i n c i p l e :  e a c h  p a r a m e t e r  m u s t  
h a v e  i t s  own m e a s u r i n g  c h a n n e l .  We a r e  p r o p o s i n g  t h e  p r i n c i p l e  o f  
a m u l t i - p u r p o s e  u s a g e  o f  t h e  c h a n n e l s .  Each  c h a n n e l  c a n  b e  u s e d  
r e p e a t e d l y ,  c o n n e c t i n g  v a r i o u s  p i c k u p s  t o  i t ,  a n d ,  i f  n e c e s s a r y ,  
c h a n g i n g  i t s  t e c h n i c a l  c h a r a c t e r i s t i c s .  T h i s  c o u l d  p r o v i d e  f o r  
r e c o r d i n g  2 5 - 3 0  a n d  more p h y s i o l o g i c a l  p a r a m e t e r s  i n  6 - 8  c h a n n e l s .  

The r e c o r d i n g  o f  d a t a  i n  t h e  s y s t e m  f o r  m e d i c a l  s t u d i e s  i s  
made f e a s i b l e  b y  s p e c i a l  p r o g r a m s ,  e a c h  o f  w h i c h  i s  i n t e n d e d  f o r  
s t u d y i n g  a d e f i n i t e  p h y s i o l o g i c a l  s y s t e m  o f  t h e  o r g a n i s m .  The e f 
f e c t i v e n e s s  o f  t h e  p r o g r a m  i s  d e t e r m i n e d  a s  t h e  s e l e c t i o n  o f  param
e t e r s ,  as  w e l l  a s  t h e  i n t r o d u c t i o n  i n t o  i t s  c o m p o s i t i o n  o f  a c o l 
l e c t i o n  o f  f u n c t i o n a l  f l i g h t s .  I n  a d d i t i o n  t o  t h e  s p e c i a l i z e d  p r o - /45 
g r a m s ,  w e  c a n  u s e  g e n e r a l - m e d i c a l  o n e s ,  whose  t a s k  i s  t o  sum up  
t h e  c o n d i t i o n  o f  t h e  o r g a n i s m ' s  p r i n c i p a l  s y s t e m s :  c a r d i o v a s c u l a r ,  
r e s p i r a t o r y ,  n e u r o m u s c u l a r ,  a n d  c e n t r a l  n e r v o u s .  The m u l t i - p u r p o s e  
u s a g e  o f  t h e  c h a n n e l s  i n  c o n j u n c t i o n  w i t h  t h e  p r i n c i p l e  o f  programmed 
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s t u d i e s  g u a r a n t e e s  o b t a i n i n g  a maximum vo lume  of d a t a  w i t h  minimum 
o n b o a r d  e q u i p m e n t .  

The p r i n c i p l e s  recommended a b o v e  for c o n s t r u c t i n g  a n  o n b o a r d  
m e d i c a l  a p p a r a t u s  were t e s t e d  d u r i n g  t h e  f l i g h t  of t h e  S o v i e t  m u l t i 
s e a t  s p a c e c r a f t  "Voskhod" .  The m e d i c a l  c o n t r o l  w a s  made w i t h  t h e  ' 

a i d  o f  a s p e c i a l  b l o c k  i n t e n d e d  f o r  c o n t i n u o u s  r e c o r d i n g  o f  t h r e e  
c h a r a c t e r i s t i c s  ( e l e c t r o c a r d i o g r a m s ,  s e i s m o c a r d i o g r a m s ,  a n d  p n e u 
monograms)  f o r  e a c h  o f  t h e  t h r e e  a s t r o n a u t s .  For t h e  m e d i c a l  s t u d 
i e s ,  w e  u s e d  a s e p a r a t e  i n s t r u m e n t  w h i c h  p r o v i d e d  f o r  r e c o r d i n g  
f o u r  d i f f e r e n t  p a r a m e t e r s  ( e l e c t r o e n c e p h a l o g r a m ,  e l e c t r o - o c u l o g r a m ,  
d y n a m i c s  r e c o r d i n g ,  a n d  r e c o r d i n g  o f  m o t o r  a c t s )  i n  s e q u e n c e  on  o n e  
c h a n n e l .  T h e s e  p a r a m e t e r s  w e r e  r e c o r d e d  by  t h e  c o r r e s p o n d i n g  p r o 
g r a m ,  w h i c h  i n c l u d e d  t h e  n e c e s s a r y  f u n c t i o n a l  t e s t s .  The e x p e r i 
m e n t a l  d a t a  o b t a i n e d  s u b s t a n t i a t e  t h e  e f f e c t i v e n e s s  o f  t h e  r ecom
mended s y s t e m  f o r  p h y s i o l o g i c a l  m e a s u r e m e n t s .  

An i n c r e a s e  i n  t h e  l e n g t h  and  t h e  d i s t a n c e  o f  t h e  s p a c e  f l i g h t s  
c a u s e s  a s u b s t a n t i a l  d e c r e a s e  i n  t h e  amoun t  o f  d a t a  t r a n s m i t t e d  t o  
t h e  E a r t h  f r o m  t h e  c r a f t ,  w h i c h  i s  c a u s e d  b y  a s h a r p  d e c r e a s e  i n  
t h e  t r a n s m i t t i n g  c a p a c i t y  o f  t h e  t e l e m e t r i c  c h a n n e l s .  D u r i n g  t h e  
f l i g h t s  o f  t h e  S o v i e t  s p a c e c r a f t ,  w e  s t u d i e d  t h e  p o s s i b i l i t y  o f  
" c o n t r a c t i n g "  t h e  i n f o r m a t i o n  d u r i n g  t r a n s m i s s i o n  by  t h e  t e l e m e t r i c  
c h a n n e l s :  t h e  " e n v e l o p e "  o f  a p h o n o c a r d i o g r a m  w a s  r e c o r d e d  [ S I  , 
a n d  t h e r e  w a s  t r a n s m i s s i o n  o f  two  p a r a m e t e r s  b y  o n e  c h a n n e l  [l]. 
However ,  e f f e c t i v e  u s e  of  t h e  t e l e m e t r i c  c h a n n e l s  w i t h  l i m i t e d  c a p a 
c i t y  f o r  t r a n s m i t t i n g  a m-aximum amoun t  o f  i n f o r m a t i o n  i s  p o s s i b l e  
o n l y  by  u s i n g  o n b o a r d  c a l c u l a t i n g  d e v i c e s .  S i n c e ,  w i t h  a n  i n c r e a s e  
i n  t h e  f l i g h t  d i s t a n c e ,  c i r c u l a t i o n  o f  t h e  i n f o r m a t i o n  i n  t h e  "as 
t r o n a u t - c r a f t - E a r t h "  s y s t e m  g r e a t l y  i n c r e a s e s  , t h e  a p p e a r a n c e  o f  
o n b o a r d  c a l c u l a t i n g  d e v i c e s  h a s  a l r e a d y  b e e n  p r e p a r e d  f o r  t h e  n e a r  
f u t u r e  by  a l l  t h e  d e v e l o p m e n t s  i n  s p a c e  t e c h n o l o g y .  Such  d e v i c e s ,  
t o g e t h e r  w i t h  t e c h n i c a l  t a s k s  ( o r b i t a l  c a l c u l a t i o n s ,  r e g u l a t i n g  
t h e  s y s t e m s  for l i f e - g u a r a n t e e ,  a u t o m a t i c  o r i e n t a t i o n ,  e t c . ) ,  w i l l  
a l s o  s o l v e  t h e  p r o b l e m s  o f  a u t o m a t i c  m e d i c a l  c o n t r o l  [ 4 ,  2 3 ,  2 4 1  
as w e l l  a s  t h e  p r o b l e m s  for programmed c o l l e c t i o n  o f  s c i e n t i f i c  
a n d  d i a g n o s t i c  i n f o r m a t i o n ,  b o t h  f o r  " c o n t r a c t i o n "  o f  t h e  d a t a  f o r  
t r a n s m i s s i o n  t o  t h e  E a r t h  by  t e l e m e t r i c  c h a n n e l s  w i t h  l i m i t e d  c a p a 
c i t y  a n d  f o r  p r e s e r v a t i o n  i n  t h e  o n b o a r d  memory s y s t e m s .  When a 
d o c t o r  i s  p r e s e n t  as  a member o f  t h e  c r e w ,  t h e  o n b o a r d  c a l c u l a t i n g  
d e v i c e  c a n  a i d ,  i n  a d d i t i o n  t o  c a r r y i n g  o u t  a n  a u t o m a t i c  s i g n a l i z a - J46 
t i o n  o f  d a n g e r o u s  c o n d i t i o n s ,  i n  c a r r y i n g  o u t  t h e  r o l e  o f  a " d i a g 
n o s t i c  m a c h i n e " - c o u n s e l o r .  

When t h e r e  i s  a n  o n b o a r d  c a l c u l a t i n g  d e v i c e ,  t h e r e  i s  a new 
p h y s i o l o g i c a l  m e a s u r i n g - i n f o r m a t i o n a l  s y s t e m  w h i c h  i s  i n d e p e n d e n t  
o f  t h e  E a r t h .  T h i s  s y s t e m  r e q u i r e s  g i v i n g  p r i n c i p a l  s i g n i f i c a n c e  
t o  g u a r a n t e e i n g  t h e  s a f e t y  o f  t h e  s p a c e f l i g h t  w i t h  t i m e ,  a n d  t h e  
" E a r t h "  m a i n t a i n s  t h e  r o l e  o n l y  o f  a c o n s u l t a n t  a n d  c o l l e c t o r  o f  
s c i e n t i f i c  i n f o r m a t i o n .  The o p e r a t i o n  i n  t h e  a r e a  o f  o n b o a r d  c a l 
c u l a t i n g  d e v i c e s  i s  o f  g r e a t  i n t e r e s t  i n  s p a c e  m e d i c i n e .  I t  i s  
p a r t  o f  t h e  g e n e r a l - m e d i c a l  p r o b l e m  o f  " d i a g n o s t i c  m a c h i n e s " .  I n  
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s p a c e  m e d i c i n e  , w e  s h o u l d  u s e  " d i a g n o s t i c  m a c h i n e s  f o r  c o n d i t i o n s "  
[15]. The d e t e r m i n a t i o n  o f  c o n d i t i o n s ,  or, more a c c u r a t e l y ,  o f  s y n 
d r o m e s ,  as c o m b i n a t i o n s  o f  i n d i v i d u a l  d i v e r g e n c e s  c a l l e d  symptoms 
i s  t h e  b a s i s  o f  a n y  d i a g n o s t i c  p r o c e s s .  

The d e v e l o p m e n t  o f  d i a g n o s t i c  a l g o r i t h m s  a n d  o f  c o r r e s p o n d i n g  
p r o g r a m m i n g  m a c h i n e s  i s  i n t e n d e d  f o r  d e s ' i g n i n g  e f f e c t i v e  d i a g n o s t i c  
a u t o m a t i c  s y s t e m s  o n  a s p a c e c r a f t .  A d i a g n o s t i c  a l g o r i t h m  i s  a 
s t r i c t  r e g u l a t i o n  on  t h e  o r d e r  o f  t h e  o p e r a t - i o n s  o f  d e c i p h e r i n g ,  
a n a l y z i n g ,  a n d  c a l c u l a t i n g  t h e  m e d i c a l  i n f o r m a t i o n .  The p r o c e s s  of  
t r e a t i n g  i n f o r m a t i o n  on  t h e  a s t r o n a u t ' s  c o n d i t i o n  w i t h  s o l u t i o n s  
c o n n e c t e d  w i t h  f l i g h t  s a f e t y  c a n  b e  e f f e c t i v e  o n l y  i f  t h e r e  a r e  
c o n c r e t e  a l g o r i t h m s ,  w h e t h e r  t h e y  a r e  c a r r i e d  o u t  a u t o m a t i c a l l y  or 
m a n u a l l y ,  on  t h e  E a r t h  or o n  b o a r d  t h e  c r a f t  We c a n  s i n g l e  o u t  
t h r e e  g r o u p s  o f  a l g o r i t h m s :  d e t e r m i n e d ,  p r o b a b l e  , a n d  a u t o m a t i c 
a l l y  c h a n g i n g  [12]. T o d a y ,  on  t h e  b a s i s  o f  t h e  human r e a c t i o n s  w e  
know t o  t h e  e f f e c t  o f  v a r i o u s  e x t r e m a 1  f a c t o r s ,  a n d  on  t h e  b a s i s  
of e x p e r i m e n t s  w i t h  s h o r t - d u r a t i o n  s p a c e  f l i g h t s ,  w e  c a n  c o n s t r u c t  
m a i n l y  d e t e r m i n e d  d i a g n o s t i c  a l g o r i t h m s  o f  t h e  m a t r i x  t y p e .  A s  a 
r e s u l t  of s t u d y i n g  c l i n i c a l  m o d e l s  , t h e  p o s s i b l e  b r e a k d o w n s  i n  a 
l e n g t h y  f l i g h t ,  a n d  a t h e o r e t i c a l  a n a l y s i s  o f  t h e  c o n d i t i o n s  for 
a l e n g t h y  f l i g h t ,  we c a n  d e v e l o p  more e f f e c t i v e  p r o b a b i l i t y  a l g o r 
i t h m s .  Such  a l g o r i t h m s  p r o v i d e  for g r e a t l y  i n c r e a s i n g  t h e  q u a l i t y  
of t h e  s o l u t i o n s  by a g r e a t  i n c r e a s e  i n  t h e  volume o f  i n p u t  i n f o r m a 
t i o n  ( h e r e  w e  a r e  c o n s i d e r i n g  t h e  c o l l e c t i o n  o f  s u p p l e m e n t a r y  d a t a  
w i t h  t h e  a i d  o f  t h e  s y s t e m  f o r  m e d i c a l  s t u d i e s ) .  

F i n a l l y ,  t h e  m o s t  c o m p l e t e  a l g o r i t h m s  a r e  t h e  a u t o m a t i c a l l y  
c h a n g i n g  o n e s ,  w h i c h  c a n  i n c r e a s e  e f f e c t i v e n e s s  w i t h  t h e  d u r a t i o n  
of t i m e .  The s e l f - p e r f e c t i o n  o f  t h e  a l g o r i t h m s  i s  c a u s e d  b y  t h e  
s y s t e m ' s  a b i l i t y  for c o l l e c t i n g  i n f o r m a t i o n ,  a n d  b y  t h e  p r e s e n c e  of 
s e v e r a l  p r e v i o u s l y  s t i p u l a t e d  g e n e r a l  p r i n c i p l e s  i n  t h e  p r i m a r y  
a l g o r i t h m .  

A v e r y  i m p o r t a n t  p r o b l e m  i n  p r o g r a m m i n g  t h e  o n b o a r d  d i a g n o s t i c  
s y s t e m s  i n v o l v e s  d e t e r m i n i n g  t h e  minimum n e c e s s a r y  amount  of i n p u t  
i n f o r m a t i o n  f o r  r e a l i z i n g  t h e  s t i p u l a t e d  a l g o r i t h m s .  The r e q u i r e 
m e n t  o f  a minimum for t h e  i n p u t  i n f o r m a t i o n  i s  c a u s e d  m a i n l y  by 
t h e  s p e c i f i c  c o n d i t i o n s  f o r  t h e  s p a c e  f l i g h t .  The minimum of i n p u t  /47 
d a t a  means  t h e  minimum o f  d a t a  u n i t s  on  t h e  a s t r o n a u t ,  t h e  minimum 
of e l e c t r o n i c  e q u i p m e n t  on b o a r d  t h e  c r a f t ,  a n d  t h e  minimum o f  e n 
e r g y  r e q u i r e m e n t .  H o w e v e r ,  t h i s  d o e s  n o t  mean t h a t  t h e  r e l i a b i l i t y  
of t h e  " d i a g n o s i s "  s h o u l d  s u f f e r  f o r  t h e  s a k e  o f  s a t i s f y i n g  r i g i d  
e n g i n e e r i n g  r e q u i r e m e n t s .  The p r e s e n c e  o f  a n  o n b o a r d  c a l c u l a t i n g  
d e v i c e  p r o v i d e s  f o r  e x a m i n i n g  t h i s  p r o b l e m  f r o m  a d i f f e r e n t  a n g l e  -
u n d e r  t h e  b a n n e r  o f  t h e  f i g h t  a g a i n s t  i n f o r m a t i o n  o v e r f l o w ,  a n d  
i n  t h e  d i r e c t i o n  t o w a r d  e x t r a c t i n g  a maximum amount  o f  u s e f u l  i n 
f o r m a t i o n  f o r  minimum v o l u m e s  o f  i n p u t  d a t a .  

The c o n s t r u c t i o n  o f  e f f e c t i v e  d i a g n o s t i c  a l g o r i t h m s  b a s e d  on 
t h e  p r o c e s s i n g  o f  minimum v o l u m e s  o f  i n p u t  i n f o r m a t i o n  r e q u i r e s  a 
d e t a i l e d  a n a l y s i s  o f  t h e  m e c h a n i s m s  f o r  r e g u l a t i n g  t h e  p h y s i o l o g i c a l  
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f u n c t i o n s  a n d  d e t e c t i n g  i n  t h e  o r g a n i s m  t h e  e x i s t i n g  c o r r e l a t i o n s  
b e t w e e n  t h e  v a r i o u s  p h y s i o l o g i c a l  f u n c t i o n s  a n d  t h e i r  c h a r a c t e r i s 
t i c s .  The  c y b e r n e t i c  me thod  for s t u d y i n g  t h e  m e c h a n i s m s  o f  r e g u l a 
t i o n  i n  t h e  o r g a n i s m  p r o v i d e  f o r  i n t r o d u c i n g  q u a n t i t a t i v e  i n f o r m a 
t i o n  a n d  a l a r g e  number  o f  r u l e s  w h i c h  now h a v e  o n l y  q u a l i t a t i v e  
c h a r a c t e r i s t i c s .  The s y s t e m s  o f  a l i v i n g  o r g a n i s m  p e r t a i n  s i m u l 
t a n e o u s l y  t o  a h u g e  number  o f  r e g u l a t i n g  p a r a m e t e r s .  The homeo
s t a t i c  m a i n t e n a n c e  o f  t h e  c o n s t a n c y  f o r  t h e  i n t e r n a l  medium, a n d  
t h e  c o n t i n u o u s  d y n a m i c  b a l a n c e  w i t h  t h e  e x t e r i o r  medium, a r e  c h a r 
a c t e r i s t i c  o f  t h e  w h o l e  s y s t e m .  A l i v i n g  o r g a n i s m  i s  a c o m p l e x ,  
m u l t i - p u r p o s e ,  h i e r a r c h i c a l  s y s t e m  w h i c h  c o n s i s t s  of  c o m p o n e n t s  
s u b j e c t  t o  a n  o r g a n i z e d  w h o l e ,  s o  t h a t  q u a l i t a t i v e  d i f f e r e n c e s  b e 
t w e e n  o r d e r s  o f  d i s c i p l i n e  o c c u r r i n g  i n  s e q u e n c e  p r o d u c e  a d e f i n i t e  
s p e c i f i c  c h a r a c t e r  f o r  e a c h  o f  t h e  l e v e l s .  The i n t e r a c t i o n  b e t w e e n  
l o w e r  a n d  h i g h e r  l e v e l s  o f  t h e  c o m p l e x  b i o c y b e r n e t i c  s y s t e m  i s  
b a s e d  on  a c h a n g e  i n  t h e  i n f o r m a t i o n  a c c o r d i n g  t o  t h e  p r i n c i p l e  o f  
r e c i p r o c a l  c o m m u n i c a t i o n s  w i t h  r e g u l a t e d  t h r e s h o l d s .  The f e a t u r e s  
o f  au tonomy a r e  c h a r a c t e r i s t i c  o f  t h e  l o w e r  l e v e l s  a t  c e r t a i n  bound
a r i e s .  L e t  u s  e x a m i n e  a s i m p l i f i e d  mode l  o f  a two-componen t  b i o 
l o g i c a l  s y s t e m  i n  w h i c h  o n e  o f  t h e  e l e m e n t s  m u s t  b e  s u b j e c t  t o  t h e  
o t h e r .  A s  a n  e x a m p l e  o f  s u c h  a n  e l e m e n t ,  w e  c a n  t a k e :  a c e l l ,  a n  
o r g a n ,  or a p h y s i o l o g i c a l  s y s t e m .  The e l e m e n t  o f  t h e  l o w e r  l e v e l  
h a s  t h e  p r o p e r t i e s  o f  s e l f - r e g u l a t i o n ,  s e l f - d i r e c t i o n ,  a n d  s e l f -
c o n t r o l .  T h e s e  p r o p e r t i e s  a r e  t h e  b a s i s  o f  a n y  l i v i n g  s y s t e m  [21]. 
I n  o r d e r  t h a t  t h e y  b e  r e a l i z e d ,  t h e  e l e m e n t  o f  t h e  l i v i n g  s y s t e m  
b e i n g  e x a m i n e d  m u s t  h a v e  t h e  n e c e s s a r y  a p p a r a t u s :  d e v i c e s  f o r  r e 
c e i v i n g  a n d  p r o c e s s i n g  i n f o r m a t i o n ,  r e g u l a t i n g  d e v i c e s ,  f o r m u l a t i n g  
t h e  c o r r e s p o n d i n g  commands, a n d  e f f e c t o r  l i n k s  w h i c h  c a r r y  them o u t .  
The e l e m e n t  b e i n g  e x a m i n e d  m u s t  r e c e i v e  i n f o r m a t i o n  on  t h e  i n t e r n a l  
a s  w e l l  a s  t h e  e x t e r n a l  medium, a n d  i t s  r e a c t i o n s  m u s t  b e  d i r e c t e d  
t o w a r d  t h e  i n t e r n a l  as  w e l l  a s  t h e  e x t e r n a l  w o r l d .  The s e c o n d  com
p o n e n t  o f  t h e  s y s t e m  i s  o n  a h i g h e r  l e v e l  i n  r e l a t i o n  t o  t h e  one  
w e  j u s t  d i s c u s s e d ,  a n d  i s  l i n k e d  w i t h  i t  by c h a n n e l s  for d i r e c t  a n d  
i n v e r s e  c o m m u n i c a t i o n .  T h e  l a t t e r  f u l f i l l s  t h e  a i m s  o f  t h e  c o n t r o l .  
O b v i o u s l y ,  t h e r e  i s  n o  i n f o r m a t i o n  s e n t  d u r i n g  n o r m a l  o p e r a t i o n  o f  /48 
t h e  s y s t e m  b y  t h e  c h a n n e l  tor i n v e r s e  c o m m u n i c a t i o n .  I n  t h e  oppo
s i t e  c a s e ,  t h e  h i g h e r  l e v e l s  w o u l d  s u f f e r  f r o m  a n  a c c e l e r a t i o n  o f  
i n f o r m a t i o n .  R e c e n t  s t u d i e s  i n  t h e  a r e a  of t h e  p h y s i o l o g y  o f  t h e  
r e t i c u l a r  f o r m a t i o n  h a v e  shown t h a t  t h e  p r i n c i p l e  o f  s e l e c t i v e  
c h o i c e  o n l y  o f  t h e  m o s t  i m p o r t a n t  s i g n a l s  i s  c h a r a c t e r i s t i c  o f  t h e  
c o n t r o l  s y s t e m s  o f  a l i v i n g  o r g a n i s m ,  e v e n  f o r  t h e  l e v e l  o f  t h e  
c e r e b r a l  c o r t e x .  O n l y  i n  t h e  ca se  when t h e  l o w e r  e l e m e n t  o f  t h e  
s y s t e m  c a n n o t  h a n d l e  t h e  i n f o r m a t i o n  f l o w  or c a n n o t  s e p a r a t e  t h e  
u s e f u l  i n f o r m a t i o n  f r o m  t h e  n o i s e  do  t h e  e l e m e n t s  o f  t h e  h i g h e r  
l e v e l  i n t e r f e r e  w i t h  i t s  o p e r a t i o n .  The i n t e r f e r e n c e  o f  t h e  h i g h e r  
l e v e l s  i n  t h e  o p e r a t i o n  o f  t h e  l o w e r  o n e s  o c c u r s  i n  t h o s e  ca ses  
when t h e  o r g a n i s m ,  as  a w h o l e  s y s t e m ,  i s  n e c e s s a r y  f o r  t h e  d e v e l o p 
ment  o f  r e a c t i o n s  w h i c h  w i l l  p r e s e r v e  i t  f r o m  b r e a k d o w n  d u r i n g  t h e  
a c t i o n  o f  d i s a d v a n t a g e o u s  f a c t o r s .  

I n  t h i s  c a s e ,  t h e  m e c h a n i s m s  o f  t h e  h i g h e r  l e v e l  p r e s e r v e  
t h e i r  h i g h  f u n c t i o n a l  p r o p e r t i e s  b e c a u s e  o f  t h e  a c c e l e r a t i o n  on t h e  
l o w e r  l e v e l s .  
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For a n  e x a m p l e  o f  t h i s ,  l e t  u s  e x a m i n e  t h e  c o m p e n s a t o r - a d a p t e d  
r e a c t i o n s  o f  a n  o r g a n i s m  t o  t h e  e f f e c t  o f  a c c e l e r a t i o n s  ( a n  a c t i v e  
s e g m e n t  o f  a f l i g h t ) .  The e x p e r i m e n t a l  d a t a  w e  h a v e  p r o v i d e  for 
s e p a r a t i n g  t w o  l e v e l s  o f  c o m p e n s a t i o n  m e c h a n i s m s :  c o r t i c o s o m a t i c  
a n d  v e g e t a t i v e .  I t  i s  w e l l  known t h a t ,  d u r i n g  a l l  t h e  s p a c e  f l i g h t s ,  
t h e  a s t r o n a u t s  w e r e  c o m p l e t e l y  c o n s c i o u s  f o r  t h e  a c t i v e  s e g m e n t  o f  
t h e  f l i g h t ,  t h e y  made c o m m u n i c a t i o n s ,  c a r r i e d  o u t  t h e  n e c e s s a r y  mo
t o r  a c t s ,  a n d  a d e q u a t e l y  e v a l u a t e d  t h e  s i t u a t i o n s .  A t  t h e  same 
t i m e ,  w e  n o t i c e d  a number  o f  e x p r e s s e d  s h i f t s  i n  t h e  s y s t e m s  of  
b l o o d  c i r c u l a t i o n ,  r e s p i r a t i o n ,  a n d  m e t a b o l i s m .  The a c t i v i t y  o f  
t h e s e  s y s t e m s  i s  e x t r a o r d i n a r i l y  i n t e n s i f i e d .  T h e r e  a r e  d i s t o r t i o n s  
i n  t h e  c o u r s e  o f  c e r t a i n  r e f l e x  a c t s .  T h u s ,  w i t h  a n  i n c r e a s e  i n  
t h e  p r e s s u r e  i n  t h e  l e s s e r  b l o o d  c i r c u l a t i o n ,  t h e r e  i s  known t o  b e  
a n  u n l o a d i n g  r e f l e x  i n  t h e  f o r m  o f  b r a d y c a r d i a ,  a d e c r e a s e  i n  t h e  
a r t e r i a l  p r e s s u r e  i n  t h e  g r e a t e r  c i r c u l a t i o n ,  a n d  d e p o s i t i o n  o f  t h e  
b l o o d  i n  t h e  s p l e e n  ( P a r i n l s  r e f l e x )  [lS]. However ,  d u r i n g  l a t e r a l  
a c c e l e r a t i o n s  , t h e  " a d e q u a t e "  r e s p o n s e  i s  m a i n t a i n e d  o n l y  i n  t h e  
s p l e e n .  A c c o r d i n g  t o  t h e  d a t a  w e  h a v e ,  l a t e r a l  a c c e l e r a t i o n s  o f  
8-12  u n i t s  c a u s e  d o g s  t o  h a v e  e x p r e s s e d  d y s t r o p h i c  c h a n g e s  i n  t h e  
s p l e e n  w i t h  t h r o m b o g e n e s i s  a n d  d e s t r u c t i o n  o f  t h e  t r a b e c u l l a e ,  w h i c h  
c a n  b e  t h e  r e s u l t  of a n  o v e r f l o w  o f  b l o o d  i n  t h e  s p l e e n  [ 2 ,  2 2 1 .  

I t  i s  w e l l  known t h a t  t h e  a r t e r i a l  p r e s s u r e  i n c r e a s e s  when a f 
f e c t e d  b y  a c c e l e r a t i o n s ,  a n d  t h e  p u l s e  b e c o m e s  m o r e - f r e q u e n t .  The 
b l o c k i n g  o f  a r e f l e x  w i t h  t h e  p u l m o n a r y  v e s s e l s  i n  g r e a t e r  b l o o d  
c i r c u l a t i o n  c a n  b e  e x p l a i n e d  b y  t h e  s i m u l t a n e o u s  a p p e a r a n c e  i n  t h e  
b l o o d  of s y m p a t h i n s  w h i c h  h a v e  h y p e r t e n s i v e  a n d  p o s i t i v e  i n t r a t r o p i c  
e f f e c t s .  T h u s ,  t h e  c o r t i c a l  m e c h a n i s m s  h a v e  p r e d o m i n a n c e  o v e r  t h e  
v e g e t a t i v e ,  a n d  t h e y  f o r c e  t h e i r  r e a c t i o n s ,  w h i c h  d o  n o t  c o r r e s p o n d  
t o  t h e  g e n e r a l  d i r e c t i o n  o f  t h e  w h o l e  o rgan i sm ' s  r e s p o n s e .  

The e x a m p l e  i n t r o d u c e d  shows t h a t  a d i a g n o s t i c  a l g o r i t h m  m u s t  
n e v e r  b e  c o n s t r u c t e d  o n l y  on t h e  b a s i s  of  a c o l l e c t i o n  o f  symptoms 
w h i c h  a r e  c o m p o n e n t s  of  o n e  o r  a n o t h e r  s y n d r o m e .  Under  s p e c i f i c  /49
c o n d i t i o n s  for a s p a c e  f l i g h t ,  new s y n d r o m e s  a r e  f o r m e d ;  a n d  i n  
o r d e r  t o  c a l c u l a t e  them c o r r e c t l y ,  we m u s t  know some g e n e r a l  p r i n 
c i p l e s  f o r  t h e  o r g a n i z a t i o n  a n d  f u n c t i o n i n g  o f  t h e  b i o l o g i c a l  s y s 
t e m s .  A s  we h a v e  s h o w n ,  o n e  o f  t h e  main  p r i n c i p l e s  f o r  t h e  o r g a n i 
z a t i o n  o f  s u c h  s y s t e m s  i s  t h e  f o r m a t i o n  o f  a m u l t i - l e v e l  s t r u c t u r e  
i n  w h i c h  t h e  l o w e r  l e v e l s  a r e  s u b j e c t  t o  t h e  h i g h e r  o n e s  d u r i n g  t h e  
s i m u l t a n e o u s  p r e s e n c e  o f  a u t o n o m o u s  p r o p e r t i e s  o f  e a c h  o f  t h e m .  

N O W ,  w e  w i l l  e x a m i n e  t h e  i m p o r t a n t  f u n c t i o n a l  f e a t u r e  o f  b i o 
l o g i c a l  s y s t e m s  - t h e i r  o p e r a t i o n a l  r e g i m e s .  A l l  t h e  c o n d i t i o n s  
o f  a n  o r g a n i s m  c a n  b e  e i t h e r  s t a t i o n a r y  or t r a n s i t i o n a l .  The s t a 
t i o n a r y  s t a t e s  a r e  t h o s e  s t a t e s  w h i c h  r e l a t e  t o  h o m e o s t a s i s ,  when 
t h e  i n d i v i d u a l  c o m p o n e n t s  o f  t h e  s y s t e m  a r e  b a l a n c e d  w i t h  e a c h  

. o t h e r  a n d  w i t h  t h e  e x t e r i o r  medium. I n  t h i s  c a s e ,  e a c h  o f  t h e  
f u n c t i o n a l  l e v e l s  ( p h y s i o l o g i c a l  s y s t e m s )  h a v e  t h e  g r e a t e s t  d e g r e e  
of a u t o n o m y .  The t r a n s i t i o n a l  s t a t e s  a r e  t h e  r e a c t i o n s  o f  an  e n 
t i r e  o r g a n i s m  or o f  i t s  i n d i v i d u a l  c o m p o n e n t s  t o  a d i s t u r b a n c e  ( e x 
t e r n a l  or i n t e r n a l ) .  I n  t h i s  c a s e ,  t h e  c o m p o n e n t s  o f  t h e  b i o l o g i c a l  
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system have the greatest degree of co-ordination, since in a given 

case the defensive reaction of the entire organism is necessary and 

expedient. Since the stationary and transitional states must have 

a varying degree of constellation for the individual components of 

the biological system, we can assume that the characteristics of 

mutual correlation between various parameters of the physiological 

functions, and the characteristics of the internal correlation in 

the dynamic series of values for one parameter, must also differ. 

Thus, we can develop the corresponding mathematical procedures for 

"diagnosing" the organism's stationary and transitional states. For 

this purpose, we must examine the physiological meaning of such 

mathematical characteristics as depressions, automatic- and recip

rocal-correlation functions, the sequences of distribution, the 

differential equations, etc. 


The positive results of adding a correlation and spectral anal
ysis to electroencephalography are now'well known (9, 14). Data 
have been published on a physiological calculation of a number of 
statistical characteristics obtained by analysis of the astronauts' 
pulse rate c 5 ,  131. We will give an example here for using the his
tographic method in order to study the phenomenon of expressed.rhy
thm vibrations of the heart contractions under the conditions of 
weightlessness. A significant intensification of sinusal arrhythmia 
during flight tests in orbit with animals and during the first mann
ed flights was discovered [lo]. A special statistical study showed 
that.the intensification of sinusal arrhythmia is the result of the 
relative predominance of the tonus of the parasympathetic section 
of the vegetative nervous system, occurring as a response to the 

/ 5 0decrease in the organism's energy processes and a decrease in the -
afferent impulses [ 7 ] .  For a more detailed evaluation of the role 
of sinusal arrhythmis in the organism's reactions to the conditions 
of weightlessness, we used the histographic method. We constructed 
a histogram (interval of . 0 5  sec.) by values of 100-150 for sequen
tial measurements of the length of the cardiac cycle. The histogram 
or the variation curve was characterized by three criteria: its 
position on the abscissa axis, its width, and its shape. Labora
tory studies showed that the variation curves for conditions of 
relative repose (stationary process) are characterized by their 
middle position on the abscissa axis, and their width is determined 
as being within the range of 0.20-0.35 sec., while by shape they 
are single-peaked, compact curves. During sleep, variation curves 
of another type were recorded: expansions to 0.50 sec., shifted to
war'd the right-hand side, and sometimes with two peaks. The trans
itional processes give asymmetrical curves shifted toward the left, 
and frequently having many peaks. Under the conditions of space 
flight, we discovered four types of variation curves which mainly 
correspond to the time-periods for the flight. 

Before take-off, during the astronauts' active participation 

in the flight, and during the first loop, the curves were recorded 

as shifted toward the left, narrowed, and having a sharp peak, which 

indicated the high degree of inter-relationship between the sinus 
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n o d e  a n d  t h e  c e n t r a l  n e r v o u s  s y s t e m  ( s y m p a t h e t i c  e f f e c t ) .  D u r i n g  
t h e  f i r s t  5 - 7  l o o p s , . t h e  v a r i a t i o n  c u r v e s  g r a d u a l l y  t o o k  on a r e g 
u l a r  s h a p e  a n d  a m i d d l e  p o s i t i o n .  B e g i n n i n g  w i t h  t h e  s e c o n d  d a y  
o f  t h e  f l i g h t ,  t h e r e  w a s  n o t e d  a s h i f t  o f  t h e  v a r i a t i o n  c u r v e s  t o 
w a r d  t h e  r i g h t ,  t h e i r  e x p a n s i o n ,  a n d  many p e a k s .  T h e s e  m e a s u r e m e n t s  
c a n  b e  i n t e r p r e t e d  as t h e  e f f e c t  o f  t h e  g r a d u a l  p r e d o m i n a n c e  o f  
p a r a s y m p a t h e t i c  e f f e c t s  o v e r  t h e  s y m p a t h e t i c  o n e s ,  as a d e c r e a s e  i n  
t h e  c e n t r a l  r e g u l a t i o n .  F i n a l l y ,  d u r i n g  t h e  3 r d - 4 t h  l o o p  o f  t h e  
f l i g h t ,  t h e  v a r i a t i o n  c u r v e s  were  o f  a c o m p l e t e l y  s p e c i f i c  t y p e :  
e x p a n d e d  up  t o  0 . 8 - 0 . 9  s e c . ,  w i t h  a l a r g e  number  o f  p e a k s ,  f l a t t e n e d .  
T h i s  o v b i o u s l y  i s  t h e  r e s u l t  o f  a n  a u t o n o m o u s  r e g u l a t i o n  o f  t h e  
r h y t h m  f o r  t h e  h e a r t  c o n t r a c t i o n s  b y  o n e  o f  t h e  l o w e r  c o n t r o l l i n g  
c i r c u i t s ,  w i t h o u t  s i g n i f i c a n t  p a r t i c i p a t i o n  by  t h e  c e n t r a l  mechan i sms  

The d a t a  p r e s e n t e d  show t h a t  a d i a g n o s t i c  a l g o r i t h m  c a n  b e  
d e v e l o p e d  f o r  c a l c u l a t i n g  t h e  s t a t e  o f  c e n t r a l  r e g u l a t i o n  by  t h e  
b l o o d - c i r c u l a t i o n  a p p a r a t u s ,  on t h e  b a s i s  o f  o n l y  o n e  p a r a m e t e r  -
t h e  p u l s e  r a t e .  The p r o b l e m s  i n  e x t r a c t i n g  a maximum o f  i n f o r m a t i o n  
f r o m  a minimum amoun t  o f  d a t a  h a v e  a g r e a t  s i g n i f i c a n c e  i n  c o n s t r u c t 
i n g  e f f e c t i v e  d i a g n o s t i c  a l g o r i t h m s  f o r  p r o g r a m m i n g  t h e  o n b o a r d  c a l 
c u l a t i n g  d e v i c e s .  I n  s u c h  a l g o r i t h m s ,  we s h o u l d  use, mathematical 
c o n v e r s i o n s  o f  v e r y  d i v e r s e  t y p e s :  d i s p e r s i o n  a n d  c o r r e l a t i o n  a n 
a l y s i s ,  c o n s t r u c t i o n  o f  c u r v e s  f o r  d i s t r i b u t i o n  o f  d i f f e r e n t i a l  
e q u a t i o n s ,  m e t h o d s  f o r  i n f o r m a t i o n  t h e o r i e s  a n d  game t h e o r i e s ,  e t c .  
T h i s ,  t o g e t h e r  w i t h  t h e  m a t h e m a t i c a l  m e t h o d s  o f  c y b e r n e t i c  c o r r e 
l a t i o n s  f o r  i n t e r p r e t i n g  t h e  d a t a ,  g i v e s  u s  v e r y  a l l u r i n g  p r o s p e c t s .  
T h u s ,  t h e r e  i s  t h e  p r i n c i p a l  p o s s i b i l i t y  o f  d e t e r m i n i n g  s o m e e c h a r - /51 
a c t e r i s t i c s  by  o t h e r s  o n  t h e  b a s i s  o f  t h e  r e c i p r o c a l  c o r r e l a t i o n  o f  
t h e  p h y s i o l o g i c a l  f u n c t i o n s .  I n  t h i s  c a s e ,  t h e  g r e a t e s t  number  of 
c o r r e l a t i o n  d e p e n d e n c e s ,  o b v i o u s l y ,  c a n  b e  o b s e r v e d  d u r i n g  t h e  p e r 
i o d s  o f  e x t r e m a 1  a c t i o n s ,  when t h e  d e g r e e  o f  o r g a n i z a t i o n  f o r  t h e  
o r g a n i s m ' s  r e g u l a t i n g  s y s t e m s  i n c r e a s e s .  . I t  i s  p o s s i b l e  t h a t  t h e  
f u n c t i o n a l  s t a t e  o f  i n d i v i d u a l  s y s t e m s  c a n  b e  c a l c u l a t e d  more  s u c 
c e s s f u l l y  by t h e  d e g r e e  o f  t h e  i n t e r n a l  o r g a n i z a t i o n  o f  a number  
o f  p a r a m e t e r s  r a t h e r  t h a n  by  t h e i r  a b s o l u t e  v a l u e s .  

F i n a l l y ,  w e  w i l l  p r e s e n t  t h e  r e s u l t s  o f  a n  a n a l y s i s  by  s e i s 
m o c a r d i o g r a m s ,  i l l u s t r a t i n g  a p o s s i b l e  me thod  f o r  c a l c u l a t i n g  t h e  
d e g r e e  o f  i n t e r n a l  o r g a n i z a t i o n  f o r  t h e  mechan i sms  o f  t h e  i n t r a 
c a r d i a c  hemodynamics  b y  r e c o r d i n g  a s i n g l e  p a r a m e t e r .  I t  i s  w e l l  
known t h a t  s e i s m o c a r d i o g r a p h y  i s  a new m e t h o d  f o r  s t u d y i n g  t h e  con
t r a c t i n g  f u n c t i o n  o f  t h e  h e a r t .  I t  w a s  f i r s t  u s e d  i n  S o v i e t  s p a c e 
c r a f t ,  a n d  i t  i s  now a c o m p u l s o r y  me thod  f o r  t h e  s y s t e m s  o f  m e d i c a l  
c o n t r o l  i n  a s t r o n a u t i c s ,  a n d  i s  u s e d  s u c c e s s f u l l y  i n  c l i n i c s  f o r  
e x a m i n i n g  t h e  s i c k  [ S ,  8 1 .  A s e i s m o c a r d i o g r a m  g i v e s  u s  a r e p r e s e n 
t a t i o n  o f  t h e  p u l s e  r a t e ,  t h e  s t r e n g t h  a n d  c o o r d i n a t i o n  o f  h e a r t  
c o n t r a c t i o n s ,  a n d  t h e  s p e c i f i c  f e a t u r e s  o f  t h e  i n t r a c a r d i a c  hemo
d y n a m i c s ,  p a r t i c u l a r l y  f o r  t h e  l e s s e r  b l o o d - c i r c u l a t i o n .  An a n a l 
y s i s  o f  t h e  r e s p i r a t o r y  v a r i a t i o n s  f o r  t h e s e  c h a r a c t e r i s t i c s  p r o 
v i d e s  f o r  f i n d i n g  t h e  p r e s e n c e  o f  o r b i t  s h i f t s  among t h e m .  I n  o u r  
o p i n i o n ,  t h e s e  o r b i t  s h i f t s  c h a r a c t e r i z e  t h e  d e g r e e  o f  i n t e r n a l  
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o r g a n i z a t i o n  for t h e  p a r a m e t e r s  o f  t h e  b l o o d - c i r c u l a t i o n  a p p a r a t u s .  
For t h i s  p u r p o s e ,  w e  c a n  a l s o  u s e  t h e  c h a r a c t e r i s t i c s  o f  t h e  r e c i p 
r o c a l  o r g a n i z a t i o n .  

We p u r p o s e l y  s p e n t  m o s t  o f  o u r  t i m e  i n  d i s c u s s i n g  t h e  p r o b l e m s  
c o n n e c t e d  w i t h  t h e  c o n s t r u c t i o n  of e f f e c t i v e  d i a g n o s t i c  a l g o r i t h m s  
on  t h e  b a s i s  o f  p r o c e s s i n g  a l i m i t e d  vo lume  o f  p h y s i o l o g i c a l  d a t a .  
We h a v e  d e m o n s t r a t e d  how t h e  a p p l i c a t i o n  o f  a number  o f  c y b e r n e t i c  
c o n c e p t s  �or d e s c r i b i n g  t h e  m e c h a n i s m s  o f  r e g u l a t i o n  f o r  t h e  p h y s 
i o l o g i c a l  f u n c t i o n s  p r o v i d e s  f o r  o b t a i n i n g  p r a c t i c a l  r e s u l t s  i n  t h e  
f o r m  o f  c o n c r e t e  m a t h e m a t i c a l  m e t h o d s  f o r  t r e a t i n g  t h e  d a t a .  I n  
r e l a t i o n  t o  t h e  a p p e a r a n c e  o f  o n b o a r d  c a l c u l a t i n g  d e v i c e s ,  t h e  p r o b 
l e m  o f  g a t h e r i n g  d i a g n o s t i c  i n f o r m a t i o n  u n d e r  t h e  c o n d i t i o n s  o f  a 
s p a c e  f l i g h t  c a n  b e  s o l v e d  o n l y  when w e  h a v e  e f f e c t i v e  d i a g n o s t i c  
a l g o r i t h m s .  The d e v e l o p m e n t  o f  s u c h  a l g o r i t h m s  h a s  a d i r e c t  r e l a 
t i o n s h i p  w i t h  g u a r a n t e e i n g  t h e  s a f e t y  o f  l o n g - p e r i o d  a n d  l o n g - r a n g e  
s p a c e  f l i g h t s .  Thus  w e  c a n  s a y  t h a t  two  r e l a t i v e l y  new s c i e n t i f i c  
t r e n d s  - m e d i c a l  c y b e r n e t i c s  a n d  s p a c e  m e d i c i n e  - h a v e  j o i n e d  f o r c e s  
i n  a n  a r e a  w h i c h  i s  o f  g r e a t  i n t e r e s t ,  n o t  o n l y  f o r  modern  a s t r o 
n a u t i c s  a n d  t h e  p r o s p e c t s  o f  s p a c e  r e s e a r c h ,  b u t  a l s o  f o r  p r a c t i c a l  
m e d i c i n e ,  s i n c e  i t  i s  c e r t a i n  t h a t  t h e  a c h i e v e m e n t s  a n d  c o n q u e s t s  
o f  s p a c e  c a n ,  a n d  m u s t ,  b e  u s e d  i n  t h e  i n t e r e s t s  o f  a l l  m a n k i n d .  
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SOME RESULTS OF MEDICAL STUDIES CONDUCTED DURING THE F L I G H T  

OF THE "VOSKHOD"l 

Y u .  M. Volynkin a n d  P.V. Vasil'yev 

ABSTRACT: A g e n e r a l  resum6 is g i v e n  f o r  t h e  
r e s u Z t s  o f .med icaZ  s t u d i e s  made w i t h  t h e  a i d  
b i o t e z e m e t r y  s y s t e m s  and por tabZe  s c i e n t i f i c  
equipment  d u r i n g  t h e  f Z i g h t  of t h e  "Voskhod".  

The a s t r o n a u t s '  phys ioZog icaZ  r e a c t i o n s  
i n d i v i d u a Z  s t a g e s  of t h e  f Z i g h t  a r e  anaZyzed ,
and h y p o t h e s e s  on t h e i r  o r i g i n  a r e  p r e s e n t e d .  

I t  is emphas ized  t h a t  t h e  r e s u Z t s  of t h e  
s t u d i e s  d i d  n o t  reveaZ any  pathoZogicaZ r e a c 
t i o n s ,  b u t  p r o v i d e d  a p o s s i b i  Z i t y  f o r  i n t e r 
p r e t i n g  t h e i r  i n d i v i d u a Z  c h a r a c t e r s .  

in t h e  

of 


a t  

The d a t a  o b t a i n e d  a r e  anaZyzed Z i g h t  
of p r o s p e c t s  f o r  t h e  deveZopment of a s t r o n a u t i c s .  

Manned flights in spacecraft have their own history, which be- /53
-
gan successfully on April 12, 1961, with the astronaut Yu. A. Gagarin. 

By the beginning of 1964, six American and six Soviet manned flights 

in orbits around the Earth had been completed, with the time spent 

in space gradually increasing. The total length of time that men 

could remain under the conditions of weightlessness, up to that 

time, was equal to more than 435 hours, of which 381 hours belonged 

to Soviet astronauts. The five-day flight of V.F. Bykovskiy and 

the three-day flight of the first woman astronaut, V.V. Tereshkova, 

are of particular interest. The results of the clinical and physio

logical studies made before, during, and after the flight were re 

ported by us at the Fifth COSPAR Symposium [SI. 


It is probably difficult to overestimate the significance of an 

analysis of the medical data obtained with the aid of telemetry 

during the astronauts' flight. By analyzing these materials, we 

established a number of rules for the course of an organism's physio

logical reactions to the effect of flight factors, and we also pres

ented hypotheses which require further experimental confirmation 

c 1 ,  .3, 4, 6, 7 ,  8 1 .  

However, the methods now used for telemetric measurements of 
physiological functions provide for monitoring only certain charac
teristics of cardiac activity, the respiratory organs, and the nerv
o u s  system. Meanwhile, the problems of further medical provisions 

.. 

l A  report at the Second International Symposium on the Principal 
Problems of Human Life in Space. Paris, June 14-18, 1965. 
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f o r  space flight require a deeper study of human neuropsychological 
and somatic conditions during flight, as well as the condition of 
the vegetative functions and the working capacity. Naturally, at 
the contemporary level of technological equipment, with medical 
apparatus in the spacecraft, these problems can be solved more simply 
and effectively by including, as a member of the crew, a well- pre
pared medical researcher familiar with contemporary clinical and 
physiological methods. 

As we know, a joint flight of three astronauts - V.M. Komarov, 
K.P. Feoktistov, and B.B. Yegorov - was made on October 12-13, 1964. 
This flight marked a new stage in man's conquest of space - the 
stage of space-navigation in spacecraft carrying several men. 

The principal problems for medical study during the flight of /54 

the "Voskhod" were the following: studying the functional state 

of the central nervous system and the working capacity of the crew 

members at various stages of the space flight; studying the effect 

of a combination of factors in space flight on the functional state 

of the cardiovascular system and the blood; examining expired air 

and energy expenditure on the basis of oxygen consumption; evaluating 

the effectiveness of systems for life-preservation and landing; 

evaluating the rationality of the stipulated program for the crew 

members' cycles of activity and rest, under the conditions of space

flight. 


Certainly, in the course of solving these problems, we encoun

tered a number of difficulties, of an organizational as well as a 

methodological nature, caused by certain particular features of 

space flight. We had to make a number of special tests with the 

aim of perfecting the clinical and physiolo.gica1 methods and adapting 

them to the specific conditions of operating in a spacecraft. 


The methods for medical control and physiological study used 

during the flight of the "Voskhod" can be conditionally divided in

to two principal groups: 


I. Methods for radiotelemetric measurements of an organism's 

physiological functions. 


11. Methods for clinical and physiological studies carried 

out by a doctor-astronaut. 


Radiotelemetry systems were used periodically to record an 

electrocardiogram from each astronaut (in the D-S division, a pneumo

gram (perimeter of the chest), and a seismocardiogram. 


The rate of the pulse and respiration were continuously trans

mitted to measuring sites on Earth. 


Moreover, in accordance with the program for telemetric communi

cation, and according to the doctor-astronaut's judgement, an electro
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e n c e p h a l o g r a m ,  e l e c t r o - o c u l o g r a m ;  a n d  r e p r e s e n t a t i o n  o f  d y n a m i c  a n d  
movement  c o o r d i n a t i o n  w e r e  r e c o r d e d  o n  o n e  c h a n n e l  a t  r a n d o m .  

D u r i n g  s t u d i e s  i n  t h e  l a b o r a t o r y  a n d  d u r i n g  t r a i n i n g  i n  a m o d e l  
c r a f t ,  t h e  d o c t o r - a s t r o n a u t  d e v e l o p e d  a n d  c a r r i e d  o u t  d u r i n g  t h e  
f l i g h t ,  t h e  f o l l o w i n g  m e t h o d s  f o r  c l i n i c a l  o b s e r v a t i o n  a n d  p h y s i o 
l o g i c a l  s t u d i e s :  G e n e r a l  o b s e r v a t i o n s  f o r  t h e  c o n d i t i o n  a n d  b e h a v i o r  
o f  t h e  c rew members  d u r i n g  v a r i o u s  s e g m e n t s  o f  t h e  f l i g h t ,  f o r  t h e  
s p e c i f i c  f e a t u r e s  o f  t h e i r  r e f l e x  r e a c t i o n s ,  t h e i r  a c c u r a c y  i n  
c a r r y i n g  o u t  c e r t a i n  e l e m e n t s  o f  t h e  f l i g h t  t a s k s ,  a n d  t h e i r  v o c a l  
a c t i v i t y ;  p s y c h o - p h y s i o l o g i c a l  t e s t s  i n t e n d e d  f o r  d e t e r m i n i n g  t h e  
r a p i d i t y  a n d  a c c u r a c y  o f  p r o c e s s i n g  i n f o r m a t i o n  ( c o r r e c t i o n  t a b l e s ) ;  
m e a s u r e m e n t s  o f  t h e  maximum a n d  minimum a r t e r i a l  p r e s s u r e ,  e x a m i n a 
t i o n  o f  t h e  p e r m e a b i l i t y  o f  t h e  b l o o d  v e s s e l s ,  p l e t h y s m o m e t r y ;  d e t e r 
m i n a t i o n  o f  t h e  v e s t i b u l a r  a p p a r a t u s '  t h r e s h o l d  s e n s i t i v i t y  t o  a d e 
q u a t e  a n d  i n a d e q u a t e  ( g a l v a n i c  c u r r e n t )  s t i m u l i ;  d e t e r m i n a t i o n  o f  
t h e  s h a r p n e s s  o f  v i s i o n  a n d  t h e  a b i l i t y  o f  t h e  e y e  t o  f o c u s ;  p r e 
p a r i n g  s t a i n s ,  a n d  t a k i n g  b l o o d  t e s t s ,  f o r  c a l c u l a t i n g  t h e  f o r m e d  
e l e m e n t s  a n d  f o r  p e r f o r m i n g  b i o c h e m i c a l  a n a l y s e s .  

I n  e v a l u a t i n g  t h e  a s t r o n a u t s '  g e n e r a l  c o n d i t i o n  a n d  t h e i r  
w o r k i n g  c a p a c i t y ,  i n  a d d i t i o n  t o  t h e  e n u m e r a t e d  d a t a ,  w e  e x a m i n e d  
t h e  q u a l i t y  o f  t h e  way t h e y  c o n d u c t e d  t h e  r a d i o  c o n v e r s a t i o n s ,  t h e  
c h a r a c t e r  a n d  d e g r e e  o f  c a r e f u l n e s s  i n  t h e i r  n o t e s  i n  t h e  sh ip ' s  
d i a r y ,  t h e  r e s u l t s  o f  t e l e v i s i o n  o b s e r v a t i o n s ,  t h e i r  u s e  o f  t h e  
s h i p ' s  m a g n e t o p h o n e ,  a n d  t h e  q u a l i t y  a n d  number  o f  t a s k s  t h e y  c a r 
r i e d  o u t  d u r i n g  t h e  f l i g h t .  The p r e - a n d  p o s t - f l i g h t  m e d i c a l  
s t u d i e s  o f  t h e  a s t r o n a u t s  were c o n d u c t e d  a c c o r d i n g  t o  t h e  p r o g r a m s  
w e  d e s c r i b e d  p r e v i o u s l y  C 6 ,  7 1 .  

The f l i g h t  w i t h  t h e  c r e w  o n  t h e  s p a c e c r a f t  "Voskhod" t o o k  p l a c e  
u n d e r  a d v a n t a g e o u s  r a d i a t i o n  c o n d i t i o n s :  i t s  t r a j e c t o r y  w a s  b e l o w  
t h e  l i m i t  o f  t h e  i n n e r  r a d i a t i o n  b e l t ;  t h e  s o l a r  a c t i v i t y  d i d  n o t  
g o  b e y o n d  t h e  l i m i t s  o f  i t s  n o r m a l  v a l u e s .  The c r a f t ' s  maximum 
d i s t a n c e  f r o m  t h e  E a r t h ' s  s u r f a c e  ( a p o g e e )  w a s  a b o u t  4 0 9  km, t h e  
minimum d i s t a n c e  ( p e r i g e e )  was 1 7 8  k m ;  t h e  a n g l e  o f  t h e  o r b i t  t o  
t h e  p l a n e  o f  t h e  e q u a t o r  w a s  a p p r o x i m a t e l y  6 5 O ,  a n d  t h e  t i m e  r e q u i r e d  
f o r  a c o m p l e t e  r e v o l u t i o n  a r o u n d  t h e  E a r t h  was 9 0 . 1  m i n .  The t o t a l  
d o s e  o f  i r r a d i a t i o n ,  a c c o r d i n g  t o  i n d i v i d u a l  d o s i m e t e r s ,  d i d  n o t  
e x c e e d  3 1  m r a d .  Such  d o s e s ,  n a t u r a l l y ,  c a n n o t  a f f e c t  t h e  a s t r o n a u t s '  
h e a l t h  u n f a v o r a b l y .  

For a n  a n a l y s i s  o f  p h y s i o l o g i c a l  r e a c t i o n s  d u r i n g  t h e  f l i g h t ,  
i t  i s  v e r y  i m p o r t a n t  t o  h a v e  i n f o r m a t i o n  on  t h e  c o n d i t i o n s  o f  t h e  
m i c r o c l i m a t e  i n  t h e  c a b i n  o f  t h e  s p a c e c r a f t :  t h e  l e v e l  o f  t h e  b a r o 
m e t r i c  p r e s s u r e ,  t h e  t e m p e r a t u r e  o f  t h e  a i r ,  t h e  h u m i d i t y ,  a n d  t h e  
p e r c e n t a g e s  o f  o x y g e n  a n d  c a r b o n  d i o x i d e .  

T h e s e  p a r a m e t e r s  o f  t h e  m i c r o c l i m a t e  were  p r o v i d e d  f o r  by c o n 
n e c t i n g  a r e a c t i v a t i o n  a n d  c o n d i t i o n  s y s t e m  f o u r  h o u r s  b e f o r e  
l a u n c h i n g .  
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Before the launching of the "Voskhodfl,the temperature of the 
air in the cabin was 17O, the relative humidity was 47%, the pres
sure was 762 mm Hg, the amount of oxygen was about 20%, and the 
amount of carbon dioxide was about 1%. During the flight, none of 
the recorded parameters for the microclimate went beyond the per
missible limits. Thus, the barometric pressure changed from 762 to 
800 mm Hg, the temperature varied from 17 to 22O, the humidity from / 5 6  
47 to 8 0 % ,  the amount of oxygen from 20 to 22.8%, and the amount of 
carbon dioxide from 1.0 to 1.5%. 

An examination of these data shows that the system for reactiva

tion and air-conditioning operated very successfully, and that the 

astronauts' reactions obviously were not determined by changes in 

the parameters of the microclimate, but by other flight factors. 


One of the important features of this flight was the fact that 

it was carried out without the use of pressurized suits. Naturally, 

this significantly simplified the tasks established for the crew 

members to carry out. 


Nourishment for the members of the crew was provided by a sup

ply of rations which were planned with a consideration of the astro

nauts' individual requirements. 


The total energy value of the food taken during the flight was 
3400-3700 kcal. In total, the products taken during the flight con
sisted of about 150 g of protein, 130 g of fat, 430 g of carbohy
drates, 200 mg of vitamin C ,  100 mg of vitamin P, 10 mg of panto
thenic acid, 10 mg of vitamin PP, and about 4 mg each of vitamins 
B 1 ,  B2, and B 6 .  The water system aboard the "Vockhod" was in good 
working order. The astronauts drank little water, since they pre
ferred fruit juice. 

It is interesting to note that despite the fact that the astro

nauts were completely satisfied in their subjective requirements 

for food and water, their weight during the flight decreased: Koma

rov lost 1.9 kg, Feoktistov, 2.9 kg, and Yegorov, 3.0 kg. Specially 

conducted calculations for perspiration, in particular, (on the basis 

of determining the percentage of chlorine in the serum albumin) and 

other data from calculating the water balance in the organism indi

cate that the decrease in weight occurred mainly because of moisture 

loss by evaporation, despite the optimum conditions of the micro-

climate. 


The clinical and physiological studies conducted during the 

flight are of significant interest and great value: firstly be

cause the data from the telemetric studies were first expanded by 

the observations made by the doctor on board the craft, and, secondly, 

because the first three astronauts to travel simultaneously were 

subjected to identical effects of stress factors during space flight, 

even though one differed from the other in the level of specialized 

and physical training, the degree of preparation for the space 
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f l i g h t ,  a g e ,  n e u r o p s y c h o i o g i c a l  s t a t u s ,  a n d  o t h e r  q u a l i t i e s .  

D u r i n g  t h e  p r e - l a u n c h  p e r i o d ,  t h e  g e n e r a l  c o n d i t i o n  a n d  a t t i 
t u d e  o f  a l l  t h e  a s t r o n a u t s  w a s  g o o d .  They  w e r e  c o n v i v i a l ,  h a d  a 
h i g h  w o r k i n g  c a p a c i t y ,  a d e q u a t e l y  r e a c t e d  t o  e x t e r i o r  s t i m u l i ,  a n d  
a c t i v e l y  a n d  r a p i d l y  c o m p l e t e d  t h e  work a c t i v i t i e s  c o n n e c t e d  w i t h  
p r e p a r a t i o n  f o r  t h e  f l i g h t .  

T h e i r  n e r v o u s - e m o t i o n a l  c o n d i t i o n  w a s  s l i g h t l y  i n c r e a s e d .  / 5 7-T h e i r  s l e e p  w a s  s o l i d - ,  d e e p ,  a n d  r e f r e s h i n g .  The c h a r a c t e r i s t i c s  
o f  t h e i r  v e g e t a t i v e  f u n c t i o n s  w e r e  w i t h i n  t h e  l i m i t s  o f  t h e i r  n o r m a l  
i n d i v i d u a l  v a r i a t i o n s  ( T a b l e  1). 

T A B L E  1: DYNAMICS OF THE PULSE R A T E ,  RESPIRATION, A N D  A R T E R I A L  
PRESSURE F O R  THE ASTRONAUTS BEFORE TAKE-OFF. 

I 
a,.a -I-'Date m 
.-.F 

a, 

p: 

O c t .  
1 9 6 4  i 

5 2-161110j75 ,72 1 1 4  '100/70 
6 4 1 1 0 / 7 5  6 0  1 1 4  . 1 1 5 / 6 5  
7 68 '6-8 2 . 1 1 0 / 7 5  6 8  ; 11 1 1 5 / 7 0  
8 58 18-12 6 J 0 5 / 7 5  6 4  j 1 4  105 /65 '  
9 38 f e - 1 2  2 : 1 1 5 / 7 0  60  1 4  1 1 0 / 7 0  

10 5 8  :6 -8  115-79  76 '10 ' 1 1 5 / 8 0  6 0  1 6  1 0 5 / 6 5  
1 7 2  ' 10 ' 120+?0 8 0  18 1 2 5 / 8 5  6 4  14 1 2 0 / 7 0  

! I 

On t h e  d a y  o f  t h e  f l i g h t ,  a f t e r  g e t t i n g  i n t o  t h e  c r a f t ,  a l l  
t h e  a s t r o n a u t s  r e m a i n e d  a p p a r e n t l y  c a l m ,  s u r e ,  c o l l e c t e d ,  a n d  showed 
h i g h  e f f i c i e n c y  a n d  p r e c i s e  p e r f o r m a n c e .  However ,  a s  t h e  t i m e  f o r  
t a k e - o f f  a p p r o a c h e d ,  t h e r e  w a s  a g r a d u a l  i n t e n s i f i c a t i o n  o f  n e r v o u s  
a n d  e m o t i o n a l  t e n s i o n ,  e x p r e s s e d  i n  p a r t i c u l a r  by a n  i n c r e a s e  i n  
t h e  p u l s e  a n d  r e s p i r a t i o n  ( F i g .  1) .  

D u r i n g  t h e  l a s t  f i v e  m i n u t e s  b e f o r e  t a k e - o f f ,  t h e  r a t e  o f  t h e  
h e a r t  c o n t r a c t i o n s  w a s  g r e a t e r  t h a n  on  t h e  e v e n i n g  b e f o r e  t h e  f l i g h t :  

Komarov showed a n  i n c r e a s e  o f  2 3 % ;  F e o k t i s t o v ,  1 2 % ;  Y e g o r o v ,  5 6 % .  

A s i m i l a r  p a t t e r n  w a s  n o t e d  i n  t h e i r  r e s p i r a t i o n  d y n a m i c s  ( T a b l e , ? ) .  


I t  i s  w e l l  known t h a t  s i m i l a r  a n d  e v e n  more p r o n o u n c e d  c h a n g e s  
w e r e  n o t e d  i n  t h e  a s t r o n a u t s  on  a l l  p r e v i o u s  f l i g h t s  ( F i g .  2 ) .  
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The a s t r o n a u t s  t o o k  t h e  a c c e l e r a t i o n  e f f s c t s  when t h e  c r a f t  e n t e r e d  
o r b i t  v e r y  w e l l .  I n  t h i s  c a s e ,  t h e y  made o b s e r v a t i o n s  a c c o r d i n g  t o  
t h e  p r e s c r i b e d  p r o g r a m ,  m a i n t a i n e d  c o m m u n i c a t i o n s  w i t h  g r o u n d  s t a 
t i o n s ,  a n d  r e p o r t e d  t h e i r  f e e l i n g s  a n d  t h e  p a s s i n g  o f  commands. 
The a c c u r a c y ,  r a p i d i t y ,  a n d  a d e q u a c y  o f  t h e i r  r e a c t i o n s  t o  i n q u i r i e s  
f r o m  E a r t h  i n d i c a t e  t h a t  t h e i r  a t t e n t i o n ,  a u d i a l  a n d  v i s u a l  f u n c 
t i o , n s ,  a n d  w o r k i n g  c a p a c i t y  r e m a i n e d ,  on t h e  w h o l e ,  a t  a h i g h  l e v e l .  
I n  a n a l y z i n g  t h e  c h a r a c t e r i s t i c s  o f  t h e  v e g e t a t i v e  f u n c t i o n s ,  i t  /58
i s  i m p o r t a n t  t o  n o t e  t h a t  t h e  maximum i n c r e a s e  i n  t h e  c a r d i a c  a c t i v 
i t y  a n d  t h e  r e s p i r a t i o n  o c c u r r e d  d u r i n g  t h e  f i r s t  30-40  s e c  o f  ac
t i v e  p a r t i c i p a t i o n  i n  t h e  f l i g h t ,  when t h e  a c c e l e r a t i o n  w a s  m i n i m a l .  

120 1 1. 

F i g .  1. Change  i n  t h e  P u l s e  and  . R e s p i r a t i o n  R a t e s  o f  t h e  A s t r o 
n a u t s  Aboard  t h e  "Voskhod"  B e f o r e  L a u n c h i n g  (1) a n d  B e f o r e  R i d i n g  

a C e n t r i f u g e  ( 2 )  ( A v e r a g e d  D a t a ) .  

T A B L E  2 :  C H A N G E  I N  T H E  R A T E  OF H E A R T  C O N T R A C T I O N S  A N D  RESPI
R A T I O N  F O R  T H E  ASTRONAUTS I N  T A K E - O F F  P O S I T I O N  I N S I D E  T H E  C R A F T  

( E X P R E S S E D  I N  P E R C E N T  OF T H E  O R I G I N A L  L E V E L )  

In Take-Of f  P o s i t i o n  
B e f o r e  L a u n c h i n g

A s t r o n a u t s  . 

4 h r .  

... . 

Y u .  A .  G a g a r i n  1 0 8  1 0 0 - 1 8 U  L 

A . G .  N i k o l a y e v  
P . R .  P o p o v i c h  
V . F .  B y k o v s k i y  
V . V .  T e r e s h k o v a  1 78 12 ! 

G . S .  T i t o v  

V . M .  Komarov ! 7 2  10 1 2 1  1 8 0  1 5 2  
K . P .  F e o k t i s t o v  
B . B .  Yegorov  

S u b s e q u e n t l y ,  d e s p i t e  t h e  i n c r e a s e  i n  t h e  m a g n i t u d e  o f  t h e  o v e r 
l o a d ,  t h e  d e g r e e  o f  t h e  v e g e t a t i v e  r e a c t i o n s ,  a s  a r u l e ,  d e c r e a s e d  
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/ 5 9( F i g .  3 ) .  Thus  t h e r e  i s  n o  r e l a t i o n s h i p  b e t w e e n  t h e  m a g n i t u d e  o f  -
t h e  a c c e l e r a t i o n  a n d  t h e  d e g r e e  o f  t h e  i n c r e a s e  i n  t h e  p u l s e  a n d  
r e s p i r a t i o n .  I n  t h i s  c a s e ,  t h e  amoun t  o f  r e a c t i o n  d u r i n g  t h e  a c t 
u a l  f l i g h t  w a s  much g r e a t e r  t h a n  d u r i n g  t h e  s i m u l a t i o n  o f  s i m i l a r  
a c c e l e r a t i o n s  u n d e r  l a b o r a t o r y  c o n d i t i o n s  i n  a c e n t r i f u g e .  H a v i n g  
a n a l y z e d  t h e s e  m a t e r i a l s ,  w e  c a n  a s s u m e  t h a t ,  o f  t h e  many f a c t o r s  
w h i c h  a r e  i n v o l v e d  when t h e  c r a f t  g o e s  i n t o  o r b i t ,  t h e  o n e  w h i c h  
d e t e r m i n e s  t h e  r a t e  o f  p u l s e  a n d  r e s p i r a t i o n  i s  n e r v o u s  a n d  emo
t i o n a l  s t r e s s .  

We s h o u l d  n o t e  t h a t  t h e  
d e g r e e  o f  i n c r e a s e  i n  t h e  r a t e-140 ml 1. o f  t h e  h e a r t  c o n t r a c t i o n s  a n d  

-

2 100 -a " &  
80 -

/' 
// /5 2  

i n d i v i d u a l  d i f f e r e n c e  i n  t h e  
l a s t  f l i g h t  w a s  l o w e r  t h a n  f o r  
t h e  c o n d i t i o n s  of  t h e  s i n g l e  
f l i g h t s .  T h i s  i s  p r o b a b l y  

-?I I 
c a u s e d  b y  t h e  l e s s e r  d e g r e e  of  
n e r v o u s  a n d  p s y c h o l o g i c a l  t e n -
s i o n  u n d e r  t h e  c o n d i t i o n s  o f  
c o l l e c t i v e  f l i g h t ,  d u e  t o  t h e  
a d v a n t a g e o u s  e f f e c t  o f  t h e  

a, a, i20 
TmbL' 

/' r e s p i r a t i o n  f o r  t h e  p r o n o u n c e d  

a, 10B e f o r e  4 h o u r s  5 m i n  t . m i n  c r ew members  on  o n e  a n o t h e r .p: 
.Y 

F i g .  2 .  Change  i n  t h e  P u l s e  The t r a n s i t i o n  f r o m  ac-
R a t e  a n d  R e s p i r a t i o n  f o r  t h e  c e l e r a t i o n  t o  w e i g h t l e s s n e s s  
A s t r o n a u t s  Aboard  t h e  "Vo s t ok" w a s  s m o o t h  a n d ,  as  t h e  a s t r o -
B e f o r e  Take -Of f  (1) a n d  B e f o r e  n a u t s  s a i d ,  " i m p e r c e p t i b l e " .  
R i d i n g  a C e n t r i f u g e  ( 2 )  (Ave- I n  c o n t r a s t  w i t h  T i t o v ' s  a n d  
r a g e d  D a t a ) .  	 P o p o v i c h ' s  o b s e r v a t i o n s ,  t h e y  

d i d  n o t  n o t e  a n y  i l l u s o r y  p h e 
nomena d u r i n g  t h i s  p e r i o d .  

When t h e y  w e n t  i n t o  o r b i t ,  t h e y  h a d  a f e e l i n g  o f  " l i g h t n e s s " ,  
a n d  t h e i r  n e r v o u s  a n d  p s y c h o l o g i c a l  t e n s i o n  d e c r e a s e d .  

I n  t h e  p r o c e s s  o f  s e l f - o b s e r v a t i o n s  a n d  m e d i c a l  s u p e r v i s i o n ,  
it w a s  n o t e d  t h a t ,  u n d e r  t h e  c o n d i t i o n s  o f  w e i g h t l e s s n e s s ,  t h e  
v a r y i n g  d e g r e e  o f  p h y s i c a l  s t r e s s  c a u s e s  a much more  r a p i d l y - and  
s h a r p l y - e x p r e s s e d  f e e l i n g  o f  f a t i g u e ,  a c c o m p a n i e d  by  i n c r e a s e d  
p e r s p i r a t i o n .  

The c r e w ' s  w o r k i n g  c a p a c i t y  w a s  s t u d i e d  by  means  o f  a n  o c c u - /60 
p a t i o n a l  a n d  g r a p h i c a l  a n a l y s i s  o f  t h e i r  a c t i v i t y  a n d  a c a l c u l a t i o n  
of t h e  t i m e  s p e n t  i n  c a r r y i n g  o u t  t h e  w o r k i n g  o p e r a t i o n s .  

An a n a l y s i s  o f  t h e  t a s k s  c a r r i e d  o u t  d u r i n g  t h e  f l i g h t  a n d  o f  
t h e  p u r p o s e f u l  s t u d i e s  shows  t h a t  Y e g o r o v ' s  w o r k i n g  c a p a c i t y  d u r i n g  
f l i g h t  i n  o r b i t  w a s  somewhat  d e c r e a s e d .  I n  t h e  case  o f  F e o k t i s t o v ,  
a l s o ,  t h e  m o r a l  a n d  p h y s i c a l  t e n s i o n  i n v o l v e d  i n  c a r r y i n g  o u t  a n  
a c t i v e  e x p e r i m e n t a l  o p e r a t i o n  w a s  much g r e a t e r  t h a n  u n d e r  g r o u n d  

5 8  

CI 



c o n d i t i o n s .  A s  f o r  Komarov,  h i s  w o r k i n g  c a p a c i t y  r e m a i n e d  a t  a 
h i g h  l e v e l  d u r i n g  t h e  e n t i r e  o r b i t a l  f l i g h t .  

D u r i n g  t h i s  f l i g h t ,  i t  w a s  a g a i n  c o n f i r m e d  t h a t  a c o m b i n a t i o n  
o f  t h e  f a c t o r s  o f  s p a c e  f l i g h t ,  m a i n l y  w e i g h t l e s s n e s s ,  h a s  a s p e c i f i c  
e f f e c t  on  t h e  f u n c t i o n a l  s t a t e  o f  t h e  s t a t i c  a n d  k i n e t i c  a n a l y z e r .  
T h i s  w a s  e v i d e n c e d  b y  i l l u s o r y  r e p r e s e n t a t i o n s  o f  t h e  b o d y ' s  p o s i 
t i o n  i n  s p a c e ,  a n d  a l s o  i n  s e n s o r y  a n d  v e g e t a t i v e  r e a c t i o n s  o c 
c u r r i n g  a f t e r  s h a r p  movements  o f  Y e g o r o v ' s  a n d  F e o k t i s t o v ' s  h e a d s .  
A c c o r d i n g  t o  t h e  a s t r o n a u t s ,  t h e  i l l u s i o n s  d i d  n o t  i n t e r f e r e  w i t h  
c a r r y i n g  o u t  t h e  p r e s c r i b e d  o p e r a t i o n s ;  m o r e o v e r ,  t h e y  a p p e a r e d  
o n l y  when t h e  a s t r o n a u t s  c o n c e n t r a t e d  t h e i r  a t t e n t i o n  on  t h e i r  
s e n s a t i o n s ,  t h e y  t h e n  e x p e r i e n c e d  a s t a t e  o f  c e r t a i n  d i s c o m f o r t .  

I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  i l l u s i o n s  o f  a n  i n v e r t e d  p o s i 
t i o n  were  n o t e d  b y  F e o k t i s t o v  a n d  Y e g o r o v  when t h e i r  e y e s  were 
o p e n  a s  w e l l  a s  c l o s e d ,  d u r i n g  t h e  e n t i r e  d u r a t i o n  o f  t h e  e f f e c t  o f  
w e i g h t l e s s n e s s .  The i l l u s o r y  s e n s a t i o n s  d i s a D D e a r e d  c o m D l e t e l v  
o n l y  w i t h  t h e  o n s e t  o f  t h e  e f f e c t  o f  a c c e l e r a r i o n s  d u r i n g  t h e  l a n d 
i n g  p e r i o d .  

The a s t r o n a u t s '  o b s e r v a t i o n  t h a t  t h e  c h a r a c t e r  a n d  d e g r e e  o f  
i l l u s i o n s  a n d  v e r t i g o  w e r e  e x p r e s s e d  i n  t h e  same way d u r i n g  f r e e  
f l i g h t  a s  d u r i n g  s t a b i l i z a t i o n  ( o r i e n t a t i o n )  o f  t h e  c r a f t ,  i s  v e r y  
i m p o r t a n t .  

T o g e t h e r  w i t h  t h e  i l l u s i o n s ,  p a r t i c u l a r l y  d u r i n g  t h e  m i d d l e  
o f  t h e  f l i g h t  ( 4 t h  t o  8 t h  r e v o l u t i o n s ) ,  F e o k t i s t o v  a n d  Yegorov  
f e l t  u n p l e a s a n t  s e n s a t i o n s  o f  a m i l d ,  b r i e f  v e r t i g o ,  o c c u r r i n g  
when t h e  h e a d  w a s  t u r n e d  s h a r p l y .  H e n c e ,  when c a r r y i n g  o u t  t h e  
w o r k i n g  o p e r a t i o n s ,  t h e  a s t r o n a u t s  t r i e d  t c  m a k e  s m o o t h e r  m o t i o n s  
t h a n  t h e y  d i d  u n d e r  r e g u l a r  g r o u n d  c o n d i t i o n s .  

A f t e r  1 . 5  t o  2 h o u r s  o f  f l i g h t ,  Yegorov  showed t h e  f i r s t  s i g n s  
o f  v e s t i b u l a r - v e g e t a t i v e  r e a c t i o n s ,  e x p r e s s e d  by a d e c r e a s e  o f  
a p p e t i t e  a n d  u n p l e a s a n t  s e n s a t i o n s  i n  t h e  e p i g a s t r i c  r e g i o n ,  w h i c h  
h e  e v a l u a t e d  a s  t h e  f i r s t  symptoms o f  n a u s e a .  T h e s e  phenomena 
w e r e  e x p r e s s e d  more s t r o n g l y  d u r i n g  t h e  5 t h  r e v o l u t i o n .  

F e o k t i s t o v  n o t e d  s i m i l a r  s y m p t o m s ,  b u t  t h e y  w e r e  l e s s  e x p r e s s e d .  
A f t e r  s l e e p ,  t h i s  v e s t i b u l a r - v e g e t a t i v e  s y n d r o m e  d i s a p p e a r e d  a l 
m o s t  c o m p l e t e l y  a n d  t h e  a s t r o n a u t s  a c t i v e l y  c o n t i n u e d  c a r r y i n g  o u t  
f l i g h t  t a s k s .  

On t h e  b a s i s  of  a n  e v a l u a t i o n  o f  a l l  t h e s e  d a t a ,  Y e g o r o v  c o n 
s i d e r s  w e i g h t l e s s n e s s  a s  o n e  o f  t h e  d i s a d v a n t a g e o u s  f a c t o r s  o f  /61 
s p a c e  f l i g h t  w h i c h  r e q u i r e s  s e r i o u s  s t u d y  b y  d o c t o r s .  

An a n a l y s i s  o f  t h e  c h a r a c t e r i s t i c s  o f  t h e  f u n c t i o n a l  s t a t e  o f  
t h e  c a r d i o v a s c u l a r  s y s t e m  i n d i c a t e s  t h a t  t h e  g e n e r a l  t e n d e n c y  o f  
t h e  c h a n g e s  w a s  n o t  t h e  same a s  i n  p r e v i o u s  f l i g h t s .  A c t u a l l y ,  
a f t e r  p r o n o u n c e d  i n c r e a s e  i n  t h e  p u l s e  r a t e  d u r i n g  t h e  p e r i o d  
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b e f o r e  l a u n c h i n g  a n d  d u r i n g  a c t i v e  p a r t i c i p a t i o n  i n  t h e  f l i g h t ,  
e v e n  d u r i n g  t h e  b e g i n n i n g  p e r i o d  o f  w e i g h t l e s s n e s s ,  t h e r e  i s  a 
t e n d e n c y  t o w a r d  n o r m a l i z a t i o n  ( F i g .  4 ) :  for Komarov a n d  F e o k t i s t o v ,  
t h e  p u l s e  r e a c h e d  i t s  o r i g i n a l  l e v e l  a t  t h e  e n d  o f  t h e  f i r s t  r e v o 
l u t i o n  a n d  t h e  b e g i n n i n g  o f  t h e  s e c o n d  r e v o l u t i o n ;  f o r  Y e g o r o v ,  
t h i s  o c c u r r e d  a t  t h e  e n d  o f  t h e  s e c o n d  a n d  t h e  b e g i n n i n g  o f  t h e  
t h i r d .  A l t h o u g h  t h e  n o r m a l i z a t i o n  of  t h e  p u l s e  r a t e  h a d  .a p r o n o u n c e d  
i n d i v i d u a l  c h a r a c t e r ,  i n  e a c h  c a s e  it o c c u r r e d  more  s l o w l y  t h a n  
a f t e r  r i d i n g  a c e n t r i f u g e .  

160 1 

h o u r s  

F i g .  3 .  Dynamics  o f  P u l s e  
a n d  Yegorov  ( 3 )  a t  V a r i o u s  
L a u n c h i n g ;  ( b )  D u r i n g  t h e  

C d 

f' 

I 1 1 1 I I I_. I I 1 1- 1 1 1 I I 

1 2 3 4 5 6 7 1 3 l 4 6 1 6  
t u r n s  

R a t e  f o r  Komarov (l), F e o k t i s t o v  ( 2 ) ,  
S t a g e s  o f  S p a c e  F l i g h t .  ( a )  B e f o r e  

A c t i v e  S e g m e n t ;  ( c )  O r b i t a l  F l i g h t ;  ( d )  
L a n d i n g .  

D u r i n g  t h e  s i x t h  a n d  s e v e n t h  r e s o l u t i o n s  o f  t h e  o r b i t a l  f l i g h t ,  
w h i l e  Yegorov  w a s  s l e e p i n g ,  a v a g a t o n i c  r e a c t i o n  w a s  o b s e r v e d :  h i s  
p u l s e  r a t e  d e c r e a s e d  t o  4 6  b e a t s / m i n .  Under  t h e  c o n d i t i o n s  of 
g r o u n d  e x p e r i m e n t s ,  t h e  r a t e  o f  h i s  h e a r t  c o n t r a c t i o n s  d u r i n g  s l e e p  
n e v e r  w e n t  l o w e r  t h a n  5 2  b e a t s / m i n .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  
t h e  s t a t i s t i c a l  a n a l y s i s  o f  t h e  e l e m e n t s  o f  t h e  e l e c t r o c a r d i o g r a m ,  
i n  p a r t i c u l a r  f o r  t h e  R - R  i n t e r v a l s ,  i n d i c a t e s  a good  r h y t h m i c i t y  
i n  t h e  c a r d i a c  a c t i v i t y  for t h e  c o n d i t i o n s  o f  t h i s  f l i g h t  ( T a b l e  3 ) .  
T h i s  f a c t  r e q u i r e s  s p e c i a l  s t u d y ,  s i n c e '  it d o e s  n o t  c o i n c i d e  w i t h  
w h a t  w a s  r e c o r d e d  on p r e v i o u s  f l i g h t s  [l]. 

The b l o o d  p r e s s u r e  u n d e r w e n t  a t w o - p h a s e  c h a n g e .  D u r i n g  t h e  
f i r s t  r e v o l u t i o n s  o f  t h e  f l i g h t ,  t h e r e  w a s  o b s e r v e d  a d e c r e a s e  i n  
t h e  s y s t o l i c  a s  w e l l  a s  d i a s t o l i c  p r e s s u r e ,  a n d  t h e n  a s u b s e q u e n t  
i n c r e a s e .  
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TABLE 3 :  RESULTS OF A STATISTICAL ANALYSIS OF A DYNAMIC SERIES OF / 6 2  
R-R INTERVALS FOR THE ELECTROCARDIOGRAMS OF KOMAROV, FEOKTISTOV, 

AND YEGOROV, DURING VARIOUS ORBITS OF THE FLIGHT. 

IV.M. Koma 'OV ! 
Characteristics 

5 Min. Before 
.. - ~ 

13 F h T ' 
Launching 

1st i .::
'6 (per sec) 0 . 0 7  0 . 0 8 ;  0 . 0 9 8  0 . 0 7 5  

c ( % )  1 0 . 5  1 0 . 8  1 1 1 . 2 6
j 

9 . 1 4  4 . 3 4  5 . 8 2  
-. . ~ _ _- ~-

K.P. Feokt .stov 

IM (per sec) 0 . 6 8  0 . 7 2 1  0 . 8 7  
~ 0 . 8 2  

. . 

5 Min. Before I 1st ' 3rd 6th 1 
I
I 

-____ - _  

M (per sec) 0 . 7 2  . 0 . 7 5  0 . 8 4  0.86 i
t 0 . 9 3  
1 

6 (per sec) 3 0 . 0 7 6  0.031 0 . 0 8 4  
i 

0 . 0 9 1  0 . 0 5 30 . 0 7 4 1  c ( % )  B 1 0 . 5 6  4 . 1 5  9 . 9 6  7 . 6 6  : 9 . 8  1 6 . 5  

4 B.B. Yego 
1 - . .__ 

5 Min. Before 1st 3 r d  6th . 
I 

1 3  th 16 th 
_. ~ - - I  

M (per sec) 'i 0.7 0 . 6 9  0 . 9 4  ' 1 . 3 1  1 . 0 2  ' 0 . 9 6  

I _ - 

! 
b 


6 (per sec) i 0 . 0 7 3  0.109" 0 . 0 4 4  0 . 0 6 7  0 . 0 8 2  

c ( % )  1I 1 0 . 5  11:::[11.55 1 3 . 3 6  I 6 . 5 8  1 8 . 6  

Note: M is the Average Arithmetical Deviation; 6 is the Root-Mean-
Square Deviation; C is the Coefficient of Variation. 

An analysis of the data obtained indicates a definite decrease 

in the pulse pressure under the conditions of weightlessness. 


/ 6 3The rate of respiration for Komarov and Yegorov during the -
entire flight was somewhat higher than during the day before the 
flight (Table 4 ) .  It is probable that this was caused by a combin
ation of flight factors acting on the background of a certain in
crease in the percentage of carbon dioxide in the inspired air. 

6 1  



T A B L E  4 :  DYNAMICS OF THE RESPIRATION R A T E  F O R  THE ASTRONAUTS 
D U R I N G  T H E  F L I G H T  O N  B O A R D  T H E  "VOSKHOD" ( A V E R A G E D  DATA). 

I 

K . P .  

-..-
B e f o r e  

A s t r o n a u t s  
L a  n c h i n g
KJ 
Be f lSt 

. --.-. .. 

V . M .  Komarov 1 0  18 2 3  15.8! 16.8 2 0 . 1  

F e o k t i s t o v  18 2 1  2 0 1 2 4 . 5  1 9 . 4  1 7 . 4  
1

1 B .  B . Yegorov  1 4  18 2 7 f 3 3 . 5  26.8 26.8116 )18.812 0 . 4  2 5 . 2  

% 

3oot 

240' 5 I L 1. 4 6 F i n a l  
.im um e 

M in u t stress O r b i t  No.. 

F i g .  4 .  C o m p a r a t i v e  Data on  C h a n g e s  i n  t h e  P u l s e  R a t e  f o r  

The A s t r o n a u t s  ( I n  P e r c e n t  o f  t h e  O r i g i n a l  V a l u e )  a t  V a r i o u s  S t a g e s  

of  t h e  F l i g h t  i n  S p a c e .  The Columns C o r r e s p o n d  t o  t h e  S e q u e n c e s  

of  t h e  F l i g h t s :  Y u . A .  G a g a r i n ,  G . S .  T i t o v ,  A . G .  N i k o l a y e v ,  P . R .  

P o p o v i c h ,  V.F.  B y k o v s k i y ,  V . V .  T e r e s h k o v a ,  V . M .  Komarov,  K . P .  Feok 

t i s t o v ,  a n d  B . B .  Y e g o r o v .  
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U n f o r t u n a t e l y ,  b e c a u s e  o f  a b r e a k d o w n  o f  t h e  i n s t r u m e n t  i n 
t e n d e d  f o r  s t u d y i n g  p u l m o n a r y  v e n t i l a t i o n  a n d  g a s  m e t a b o l i s m ,  w e  
c o u l d  n o t  f o l l o w  t h e  d y n a m i c s  o f  e n e r g y  e x p e n d i t u r e  u n d e r  c o n d i t i o n s  
o f  w e i g h t l e s s n e s s .  

I n  c o n d u c t i n g  s p e c i a l  v e s t i b u l o m e t r i c  s t u d i e s ,  w e  d i d  n o t  n o t e  
a n y  c h a n g e  i n  t h e  o t o l i t h  a p p a r a t u s '  t h r e s h o l d  o f  s e n s i t i v i t y  t o  
g a l v a n i c  c u r r e n t ;  i n d i c a t o r y  a n d  g r a p h i c  t e s t s  show t h a t  a c c u r a c y  
i n  c a r r y i n g  o u t  s l i g h t  c o o r d i n a t e d  movements  d e c r e a s e s  u n d e r  t h e  
c o n d i t i o n s  o f  w e i g h t l e s s n e s s .  T h i s  c a n  p r o b a b l y  b e  c o n s i d e r e d  i n  
p a r t i c u l a r  a s  t h e  r e s u l t  o f  a c h a n g e  i n  t h e  f u n c t i o n a l  s t a t e  o f  t h e  /64 
v e s t i b u l a r  a n a l y z e r .  The p o s t - f l i g h t  s t u d i e s  d i d  n o t  r e v e a l  a n y  
s u b s t a n t i a l  c h a n g e s  i n  t h e  f u n c t i o n  o f  t h e  v e s t i b u l a r  a p p a r a t u s .  

The r e s o l v i n g  power  of  Komarov ' s  e y e s  d i d  n o t  c h a n g e ,  b u t  i t  
d e c r e a s e d  for Y e g o r o v .  The n e g a t i v e  f u s i o n  r e s e r v e s  o f  t h e  o u t e r  
e y e  m u s c l e s  i n c r e a s e d  by  40-70% f o r  Komarov a n d  F e o k t i s t o v ,  a n d  
r e m a i n e d  t h e  same f o r  Y e g o r o v .  

A c a l c u l a t i o n  o f  t h e  f o r m e d  e l e m e n t s  o f  t h e  b l o o d ,  t a k e n  f o r  
F e o k t i s t o v  a n d  Yegorov  d u r i n g  t h e  f l i g h t ,  i n d i c a t e s  s l i g h t  l e u k o 
a n d  lympho- c y t o s i s ;  h o w e v e r ,  a f t e r  t w e n t y - f o u r  h o u r s ,  t h e s e  c h a n g e s  
w e r e  a l m o s t  c o m p l e t e l y  c o m p e n s a t e d .  

B i o c h e m i c a l  s t u d i e s  showed a c e r t a i n  i n c r e a s e  i n  u r e a  a n d  
c h o l e s t r o l  i n  t h e  b l o o d ;  t h i s  o b v i o u s l y  i n d i c a t e s  a n  i n c r e a s e  i n  
a l b u m i n  c o n s u m p t i o n  a n d  t e n s i o n  o f  t h e  l i p i d  v o l u m e .  

A c t u a l l y ,  i n  t h e  a n a l y s e s  o f  t h e  b l o o d  t e s t s  made d u r i n g  t h e  
s e c o n d  a n d  t w e l f t h  r e v o l u t i o n s  f o r  F e o k t i s t o v  a n d  Y e g o r o v ,  w e  d i s 
c o v e r e d  4 1 - 5 1  mg% o f  u r e a ,  w h i l e  i t s  p e r c e n t a g e  d u r i n g  t h e  p e r i o d  
b e f o r e  l a u n c h i n g  w a s  a l w a y s  l o w e r  t h a n  4 0  mg%. The n i g h t  a f t e r  
t h e  f l i g h t ,  and  a l s o  t h e  n e x t  m o r n i n g ,  i t  r e m a i n e d  h i g h  f o r  a l l  
t h r e e  a s t r o n a u t s .  

D u r i n g  t h e  f l i g h t ,  t h e  p e r c e n t a g e  o f  s u g a r  a n d  c h l o r i d e s  i n  
t h e  b l o o d  d i d  n o t  c h a n g e .  I n  t h e  b l o o d  t e s t s  t a k e n  on  t h e  n i g h t  
a f t e r  l a n d i n g ,  t h e  p e r c e n t a g e  o f  c h o l e s t e r o l  i n c r e a s e d  up t o  260
290 mg% i n s t e a d  o f  t h e  220-260 mg% w h i c h  was u s u a l .  

I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  a p p e a r a n c e  o f  t h e  s o - c a l l e d  
" r e a c t i o n  f o r  p r e p a r i n g  t o  l a n d "  ( 0 .  G a z e n k o ) ,  c h a r a c t e r i z e d  by 
a g r e a t  i n c r e a s e  i n  t h e  p u l s e  r a t e ,  w a s  f i r s t  o b s e r v e d  i n  t h e  com
m a n d e r  o f  t h e  c r a f t ,  Komarov' ( d u r i n g  t h e  1 4 t h  r e v o l u t i o n ) ,  a n d  
o b s e r v e d  l a s t  i n  Yegorov  ( a t  t h e  e n d  o f  t h e  1 6 t h  r e v o l u t i o n ) .  The 
o n s e t  o f  t h i s  p h a s e  i s  d o u b t l e s s l y  l i n k e d  w i t h  a n  i n c r e a s e  i n  t h e  
n e r v o u s  a n d  e m o t i o n a l  t e n s i o n  i n d u c e d  by t h e  r e s p o n s i b i l i t y  f o r  
m a i n t a i n i n g  s a f e t y  d u r i n g  t h e  f i n a l  s t a g e  o f  t h e  f l i g h t  ( T a b l e  5 ) .  

A c c o r d i n g  t o  t h e i r  s u b j e c t i v e  e v a l u a t i o n ,  a l l  t h e  a s t r o n a u t s  
e n d u r e d  t h e  l a n d i n g  p h a s e  w i t h  more  d i f f i c u l t y  t h a n  t h e  e f f e c t s  o f  
s t r e s s ,  w h i c h  a r e  s i m i l a r  i n  m a g n i t u d e  a n d  t i m e  i n  a c e n t r i f u g e .  
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T h i s  c a n  p r o b a b l y  b e  e x p l a i n e d  m a i n l y  by t h e i r  p r e v i o u s  e x p e r i e n c e  
u n d e r  t h e  c o n d i t i o n s  o f  w e i g h t l e s s n e s s  f o r  t w e n t y - f o u r  h o u r s .  

We s h o u l d  n o t e  t h a t ,  d u r i n g  t h i s  f l i g h t  p e r i o d ,  Komarov ' s  
F e o k t i s t o v ' s ,  a n d  Y e g o r o v ' s  v e g e t a t i v e  r e a c t i o n s  w e r e  much l e s s  p r o 
n o u n c e d  t h a n  f o r  t h e  a s t r o n a u t s  i n  a l l  t h e  p r e c e d i n g  f l i g h t s .  
A c t u a l l y ,  T i t o v ' s  p u l s e  r a t e  d u r i n g  l a n d i n g  r e a c h e d  1 5 6 ,  N i k o l a y e v ' s  
r e a c h e d  1 4 8 ,  P o p o v i c h ' s  r e a c h e d  1 6 2 ,  B y k o v s k i y ' s  r e a c h e d  1 6 0 ,  a n d  
T e r e s h k o v a ' s  w a s  1 7 8  b e a t s / m i n .  

The l a n d i n g  o f  t h e  "Voskhod"  on s o l i d  g r o u n d  w a s  d o n e  w i t h  
t h e  a i d  o f  a s p e c i a l  l a n d i n g  s y s t e m  a t  p r a c t i c a l l y  z e r o  v e l o c i t y .  

T A B L E  5 :  RATES OF THE ASTRONAUTS' PULSE A N D  R E S P I R A T I O N  F O R  T H E  /65 
EFFECT OF ACCELERATIONS D U R I N G  T H E  L A N D I N G  OF THE "VOSKHOD" A N D  

D U R I N G  R O T A T I O N  I N  A C E N T R I F U G E  ( C F ) .  

F a  k t i s t ov 
F l i g h t  ID i f f ,  

1 0 2  0 
9 1  +3 

18 0 
17.41 + 5  .4 

N o t e :  I n  t h e  g r a p h  w i t h  C F ,  we h a v e  shown t h e  d a t a  o b t a i n e d  
d u r i n g  r o t a t i o n  i n  a c e n t r i f u g e ,  by a g r a p h  w h i c h  r e p r o d u c e s  t h e  
d y n a m i c s  o f  s t r e s s  i n v o l v e d  i n  l a n d i n g .  

The p o s t - f l i g h t  m e d i c a l  s t u d y  b e g a n  1 5  m i n .  a f t e r  l a n d i n g .  

A l l  t h e  c r e w  members  w e r e  h a p p i l y  e x c i t e d ,  a n d  t h e y  r e a d i l y  
a n s w e r e d  m u l t i p l e  q u e s t i o n s .  They d i d  n o t  make a n y  c o m p l a i n t s  
r e g a r d i n g  t h e  s t a t e  o f  t h e i r  h e a l t h ,  e x c e p t  f o r  f a t i g u e .  

D u r i n g  t h e  m e d i c a l  e x a m i n a t i o n  o f  Komarov,  h i s  r a t e  o f  r e s p i r 
a t i o n  was r e c o r d e d  a s  1 2 ,  a n d  h i s  p u l s e  r a t e  as  9 2 - 9 6  b e a t s / m i n ;  
f o r  F e o k t i s t o v ,  i t  w a s  1 2  a n d  9 8 - 1 0 0  b e a t s / m i n ,  a n d  f o r  Y e g o r o v ,  i t  
w a s  2 0  a n d  90-94  b e a t s / m i n .  r e s p e c t i v e l y .  

On t h e  e l e c t r o c a r d i o g r a m s  t a k e n  on t h e  f i r s t  d a y  a f t e r  t h e  
f l i g h t ,  t h e r e  was a d e c r e a s e  i n  t h e  4 wave w i t h i n  t h e  l i m i t s  o f  
1 4 - S O % ,  a n d  a s l i g h t  i n c r e a s e  ( 1 0 % )  i n  t h e  s y s t o l i c  c h a r a c t e r i s t i c ,  
f o r  F e o k t i s t o v .  I n  a n a l y z i n g  t h e  p h a s e s  o f  t h e  h e a r t  c y c l e ,  a 
c o n s t a n t  d e c r e a s e  i n  t h e  t i m e  f o r  e x p u l s i o n  w a s  n o t e d .  The e l e c t r i c  
s y s t o l e  d i d  n o t  c h a n g e ,  a n d  t h e  m e c h a n i c a l  one  d e c r e a s e d  by 0 . 0 0 5 
0 . 0 4 0  s e c .  
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All the astronauts subjectively underwent a passive orthostat

ic test during the first days of the flight very successfully. How

ever, when Feoktistov and Yegorov were standing, there was noted a 

significant decrease of the beat (by 26-47%) and minute volume of 

the heart. The pulse pressure also decreased by 10-24 mm Hg, and 

the average dynamic pressure increased in comparison with the pre

flight data. 


In conducting a functional test with 30 knee-bends during the 

day after the flight, all the astronauts sh-owed a greater increase 

in the pulse rate than during the pre-flight period. Moreover, the 

time required for Komarov’s cardiac activity to be reduced to the 

original characteristics increased; Yegorov, instead of an increase, 

showed a decrease in arterial pressure. 


In studying the hemodynamics during the third day after the /66
flight, no significant divergences in the reactions of the heart 
and the vessels to imposed stresses were seen. 

Thus, the results of a combined study of the cardiovascular 

system during the post-flight period indicate a certain change in 

its reactivity and adaptivity to functional stresses; in this case, 

probably, there is a certain significance to the decrease of the 

contractibility of the myocardium (inertia and decrease in the beat 

capacity), a breakdown of the mechanisms for regulating the co

ordinated activity of the heart and vessels (instability and de

crease of the dynamic pressure during physical stress), and a de

crease in venous tonus. The indicated shifts can probably be ex 

plained by a state of relative hypodynamics under the conditions of 

weightlessness and the resultant physical fatigue. 


As for external respiration, there were no substantial changes 
noted. The gas exchange increased somewhat for all the astronauts. 
The daily energy expenditures during rest increased by 6-27%. How
ever, they did not go beyond + 6 ,  +13% above the necessary values 
for the original exchange. 

Subsequently, the changes noted in the function of the cardio

vascular system and the gas metabolism after the day-long space 

flight did not exceed the limits for the physiological norm. 


Thus, the results of the clinical and physiological studies 
conducted during and after the flight supplement the information 
we have on the reaction of a number of functional systems to the 
effect of factors involved in space flight. They confirmed the 
fact that the nature and degree of emotional conditions, the changes 
in the general physical state and the vegetative functions for the 
astronauts during a day-long flight basically correspond to the 
condition’of the nervous and psychological sphere and the general 
stress reaction caused by a combination of factors in space flight. 
A l l  the divergences mentioned had no pathological character, and, 
during the subsequent clinical studies, a comparatively rapid 
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return of the physiological characteristics to their original, pre

flight level was observed. 


A definite relationship was found between the nervous and 

emotional and vegetative changes, and the organism’s individual 

nature, the degree of the astronaut’s training, the character of 

the flight, its length, and the make-up of the crew in the space

craft. In this case, a flight in a one-seat spacecraft is seen as 

particularly disadvantageous for the nervous and psychological 

states. 


In conclusion, we would say that the data obtained during the 

flight again confirm the fact that the study of the effect of 

weightlessness on an organism remains an important problem for 

space medicine, 
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B I O L O G I C A L  S T U D 1  ES ABOARD T H E  S P A C E C R A F T  "VOSTOK" AND NVOSKHOD''l 
V.V. A n t i p o v  

A B S T R A C T :  The p r i n c i p a Z  r e s u Z t s  of bioZogicaZ 
e x p e r i m e n t s  conduc ted  on 11  r e c o v e r e d  space
c r a f t  a r e  examined:  A n  a n a Z y s i s  of t h e  comple ted
s t u d i e s  showed t h a t ,  v a r i o u s  f Z i g h t  f a c t o r s  cause  
d i s o r d e r s  i n  t h e  h e r e d i t a r y  s t r u c t u r e s  of d i f f e r 
e n t  b i o  Zogica Z m a t e r i a  2 s :  ce  Z 2s i n  t h e  bone-mar
row of m i c e ,  s e e d s  of h i g h e r  p t a n t s ,  Zysogenic
b a c t e r i a ,  m i c r o s p o r e s  of s p i d e r w o r t ,  and o t h e r s .  
These  d i s o r d e r s  have a smaZZ b u t  s t a t i s t i c a Z Z y
reZiabZe  v a l u e .  A t  t h e  same t i m e ,  i t  was e s t a b -
Zished t h a t  a c o m b i n a t i o n  of f Z i g h t  f a c t o r s  d i d  
n o t  cause  any p e r s i s t e n t  and e x p r e s s e d  changes
i n  t h e  v i t a 2  a c t i v i t y  o f  mammaZs and man. The 
g r e a t  p r a c t i c a Z  s i g n i f i c a n c e  of t h e  b ioZogicaZ
e x p e r i m e n t s  made on f Z i g h t s  b e f o r e  man was 
Zaunched i n t o  space is n o t e d .  

I n  t h e  g e n e r a l  r e s e a r c h  p r o g r a m  o f  s t u d y i n g  a n d  m a s t e r i n g  t h e  /67 
u n i v e r s e ,  a new a r e a  of n a t u r a l  s c i e n c e ,  s p a c e  b i o l o g y ,  o c c u p i e s  a n  
i m p o r t a n t  p l a c e .  

Some o f  i t s  p r i n c i p a l  t a s k s  a r e  t h e  s t u d y  o f  t h e  b i o l o g i c a l  
e f f e c t  o f  f a c t o r s  d u r i n g  a s p a c e  f l i g h t ,  t h e  d e v e l o p m e n t  o f  g e n e r a l  
b i o l o g i c a l  b a s e s  a n d  p r i n c i p l e s  for g u a r a n t e e i n g  t h e  s a f e t y  o f  
s p a c e  f l i g h t s ,  a n d  t h e  e x a m i n a t i o n  o f  t h e  e x i s t i n g  c o n d i t i o n s  a n d  
t h e  s p e c i f i c  f e a t u r e s  o f  f o r m s  o f  e x t r a t e r r e s t r i a l  l i f e  [ 5 0 - 5 2 1 .  

The p r o b l e m s  m e n t i o n e d  a b o v e  a r e  b e i n g  s t u d i e d  u n d e r  t h e  c o n 
d i t i o n s  o f  f l i g h t  t e s t s  i n  v a r i o u s  a i r c r a f t  a n d  i n  l a b o r a t o r y  e x 
p e r i m e n t s  u s i n g  v a r y i n g  t e s t i n g  d e v i c e s  w h i c h  i m i t a t e  t h e  e f f e c t  o f  
c e r t a i n  f a c t o r s  a b o a r d  a s p a c e  f l i g h t .  I t  i s  c o m p l e t e l y  o b v i o u s  
t h a t  t h e  two s t u d y  m e t h o d s ,  e a c h  w i t h  i t s  own a d v a n t a g e s  a n d  s h o r t 
c o m i n g s ,  m u s t  s u p p l e m e n t  e a c h  o t h e r .  

I t  i s  w e l l  known t h a t ,  i n  o r d e r  t o  c o n d u c t  b i o l o g i c a l  e x p e r i - /68 
m e n t s  u n d e r  f l i g h t  c o n d i t i o n s ,  w e  c a n  u s e  h i g h - a l t i t u d e  b a l l o o n s ,  
g e o p h y s i c a l  r o c k e t s ,  n o n - r e c o v e r a b l e  c r a f t  ( E a r t h  s a t e l l i t e s ) ,  a n d  
r e c o v e r a b l e  s p a c e c r a f t .  For b i o l o g i c a l  e x p e r i m e n t s ,  t h e  m o s t  a d 
v a n t a g e o u s  seems t o  b e  t h e  l a t t e r  t y p e  o f  a i r c r a f t .  

' R e p o r t  a t  t h e  I I I r d  I n t e r n a t i o n a l  Symposium on  B i o a s t r o n a u t i c s  
a n d  S p a c e  R e s e a r c h ,  S a n  A n t o n i o ,  USA, November 1 6 - 1 8 ,  1 9 6 4 .  
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After an extensive program of biological studies made in high-
altitude balloons and geophysical rockets, it became possible to 
conduct experiments under the conditions of an orbital flight in 
the Sputniks. At this stage, we could solve many methodological 
problems and compile new, interesting, data concerning the effect 
of a number of extreme flight.factors on various biological materials: 
in other words, we could produce the basis for a transition to a 
new level of studies and experiments in Earth satellites [12, 1 3 ,  
21, 37, 491. 

These experiments began with the historical flight of Layka 

(1957). Further progress of science and technology has permitted 

the design spacecraft which can be recovered on the Earth, thus 

significantly expanding the possibilities for the experimenter. 

Beginning in 1960, and continuing to this day, Soviet biologists 

have conducted experiments on 11 recovered spacecraft thus far. 


The principal tasks of these experiments were to study the 
biological effect of combined and individual factors on a space 
flight, to determine the operational effectiveness of the systems 
for guaranteeing an organism’s life activity, and, finally, to 
find biological indications for the course of a manned flight [ 2 ,  
1 3 ,  531. 

The first problem is examined in this article. It is well 

known that the factors of a space flight which can show an effect 

on living organisms can be conditionally divided into three groups: 


(a) Those connected with the dynamics of flight in a space
craft (acceleration, vibrations, noise of the motors, weightless
ness) ; 

(b) Those characterizing space as a unique habitation medium 
(extremely low barometric pressure, changed gas composition with a 
lack of molecular oxygen, ionizing radiation, etc.); 

(c) Those connected with more or less prolonged stay of an 
organism under the artificial conditioms of the spacecraft (limited 
space, specific features of the microclimate, nourishment, rhythm, 
etc.) [g, 5 0 ,  571. 

In the experiments whose principal results are presented in 

This article, together with the study of the effect of flight con

ditions as a whole, it also became our goal to study the effect of 

the least-understood factors, such as weightlessness, space radia

tion, and their combinations with acceleration, vibration, etc. 


Subsequently, in order to eliminate the supplementary effect 

on an organism of certain factors connected with the artificial 

conditions aboard the craft (temperature, humidity, gas composition 


/ 6 9of the atmosphere, etc.), the permissible variations of the prin- 
cipal parameters for the medium in the cabin were reduced as much 
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as possible. 


The use of a life-preservation system for these purposes pro

vided for developing and maintaining the given hygienic parameters 

for the medium in the aircraft's air-tight cabin at the necessary 

level. The variations of the parameters which did occur were 

relatively small and did not exceed the permissible limits. 


' Thus, the barometric pressure in the aircraft's cabin was very 
close to normal (760 k 20 mm Hg), the air temperature varied from 
+11 to +30°, 'and the relative humidity varied from 30 to 70%. The 
oxygen content changed from 16 to 29, and the carbon dioxide content 
changed from 0.2 to 1 . 2 % .  

The flights of the spacecraft were made in orbits with similar 
parameters. The maximum distance of a craft from the Earth's sur
face (apogee) was 409 km (the "Voskhod" spacecraft). The angle of 
the orbit to the plane of the equator, in all the flights, was 
approximately 65O. The flight time varied from 108 min (Sputniks 
4 and 5, "Vostok") to 1 1 9  hours ("Vostok-5"). Most of the experi
ments were conducted during the spring-summer period. 

The total radiation dose, obtained during the flights, changed 
from 1.5 mrad (108 min in flight) to 81 mrad (119 hours in flight), 
respectively, with an average dose from 8.4 to 17 f 2 mrad/day. We 
should note that, at these altitudes, with inclination of the orbit 
at 65O, about 90% of the absorbed dose was caused by primary space 
radiation, and 10% by emission of the Earth's radiation belts [8, 
1 0 ,  34, 36, 39, 451. 

Let us briefly discuss the principal biological materials used 

and the ways of studying them. 


As a basis for selecting the biological materials, we posited 

an evolutionary and comparative physiological principle which pro

vided for more comprehensive evaluation of the biological effec

tiveness of flight factors. The wide spectrum of methods used 

provided for recording diverse variations in the functions and 

structures of a cell or of an entire organism. 


In these experiments, we used mammals (dogs, guinea pigs, rats, 
and mice), cultured cells from animals and man, fruit flies ( D r o s o 
phila), seeds of higher-order plants, microspores of spiderwort, 
cultures of algae (Chlorella), and multiple microbiological and 
cytogenetic materials. We used physiological, biochemical, morpho
logical, cytogenetic, genetic, microbiological, and other methods 
for the studies c3, 20, 46, 541. 

As the experiments complicated the tasks to a greater degree, 

methodical procedures were used. Thus, if the effect of flight 

conditions was the principal object of study in the experiments 

on Sputniks 2 to 5, then, for the experiments aboard "Vostok-3'f, 
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flVostok-41f,ffVostok-51f / 7 0and "Voskhod", we attempted to study the -
effect of individual factors (space radiation, weightlessness, etc.). 
F o r  this purpose, we expanded the studies by adding radio-sensitive 
materials (lysogenic bacteria, microspores of spiderwort, and 
others) and using the genetic changes in the various pharmacochemi
cal media for the analysis. In a number of experiments established 
mainly for studying the effect o f  weightlessness on the principal 
biological processes (reproduction, growth, and development of an 
organism), we had the participation of astronauts A .  Nikolayev, 
P. Popovich, V. Bykovskiy, and B. Yegorov [4, 22, 24, 431. Together 
with these, we continued investigations on the improvement of the 
automatic bio-elements "AMN" and "BIOS". 

Corresponding control studies were made under laboratory con

ditions. 


Let us turn to a presentation and discussion of the principal 

results. 


STUDIES ON M A M M A L S  

In the experiments on dogs (experiments aboard Sputniks 2 to 
5 ) ,  the most attention in the physiological plan was given to a 
study of the state of the cardiovascular system and respiration. 
Briefly, the results obtained can be presented in the following 
way. 

During the flight segment when the satellites entered orbit, 

the reactions of the cardiovascular system and the respiration in 

the majority of the animals were uniform and clearly expressed. 

The character of their reactions reflected the state of the func

tional stress for these systems: the rate of heart contractions 

increased, respiratory motions became more frequent, and the blood 

pressure increased. 


In the state of weightlessness, which was maintained �or as 

long as one day during the experiments aboard the second and third 

satellites, the recorded characteristics returned to their original, 

pre-launch level. However, the phenomenon of "retention", a slower 

normalization (in comparison with control experiments in a centri

fuge) of the functional characteristics for the cardiovascular 

system and for respiration, was also noted here. 


Moreover, there frequently appeared an instability in the 
rhythm of the heart contractions, variations in the numerical in
dices of the electrocardiogram (R-R interval, value of the T wave), 
and a relative decrease of the systolic characteristic. A l l  this 
indicates, to a certain extent, that there are certain unique fea
tures in the dynamics of regulating the vegetative functions under 
the conditions of weightlessness [ 7 ,  131. 

In the experiments on the satellites, we also attempted to 
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s t u d y  t h e  c h a r a c t e r  o f  k i n e t i c  a c t i v i t y  f o r  d o g s  u n d e r  c o n d i t i o n s  
of  w e i g h t l e s s n e s s .  The a n i m a l s  w e r e  c a p a b l e  ( w i t h i n  c e r t a i n  l i m i t s )  
o f  f r e e  movement .  The d e v e l o p m e n t  o f  t h e  t e l e v i s e d  a n d  t e l e m e t r i c  
d a t a  showed t h a t  t h e r e  w a s  a c l e a r  t e n d e n c y  t o  a u t o m a t i z e  f r e q u e n t l y -
r e p e a t e d  m o t i o n s  ( f o r  e x a m p l e ,  m o t i o n s  d i r e c t e d  t o w a r d  f i x i n g  t h e  
b o d y  i n  s p a c e )  C331. 

An a n a l y s i s  o f  t h e  f o r c e s  d e v e l o p e d  by t h e  a n i m a l s  i n  t h e  s t a t e  /71 
of  w e i g h t l e s s n e s s  showed t h a t  by r e p e a t i n g  e x e r c i s e s  up  t o  s e v e r a l  
h u n d r e d  t i m e s ,  t h e  a n i m a l  c o u l d  p e r f o r m  t h i s  t a s k  w i t h  minimum 
e n e r g y  e x p e n d i t u r e .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t ,  f o r  g u i n e a  
p i g s ,  t h e  e l e c t r o c a r d i o g r a m s  f o r  t h e  p o s t e r i o r  e x t r e m i t i e s  showed 
i n c r e a s e d  i m p u l s i o n  f o r  t h e  f i r s t  t e n  d a y s  a f t e r  r e t u r n i n g  f r o m  a 
f l i g h t .  However ,  i n  t h e  c o n t r o l  a n i m a l s ,  t h e  c h a n g e  i n  t h e  b i o 
e l e c t r i c  a c t i v i t y  o f  m u s c l e s  w a s  o b s e r v e d  i n  a weak f o r m ,  a n d  o n l y  
d u r i n g  t h e  f i r s t  d a y  a f t e r  r e t u r n i n g  t o  t h e  l a b o r a t o r y  c 3 8 1 .  

The c o n d i t i o n  o f  h i g h e r  n e r v o u s  a c t i v i t y  w a s  s t u d i e d  i n  e x p e r i 
m e n t s  w i t h  r a t s .  The m o t o r - a l i m e n t a r y  m e t h o d  d i d  n o t  show a n y  
c h a n g e s  i n  t h e  l e n g t h  o f  t h e  l a t e n t  p e r i o d  or i n  t h e  amount  o f  r e 
f l e x e s .  The d a t a  o b t a i n e d  i n d i c a t e  t h a t  t h e  f u n c t i o n a l  c h a n g e s  i n  
t h e  c e n t r a l  n e r v o u s  s y s t e m  a r e  o b v i o u s l y  l i m i t e d  by t h e  s p h e r e  o f  
t h e  m o t o r  a p p a r a t u s  [ 1 3 ,  3 8 1 .  

B i o c h e m i c a l  s t u d i e s  on  t h e  b l o o d  a n d  u r i n e  o f  d o g s  who w e r e  
s u b j e c t e d  t o  a 2 4 - h o u r  f l i g h t  on S p u t n i k - 2  showed a t r a n s i t i o n a l  
a n d  m o d e r a t e l y - e x p r e s s e d  s t r e s s  r e a c t i o n  w h i c h  w a s  c h a r a c t e r i z e d  
b y  a s h o r t - p e r i o d  i n c r e a s e  i n  t h e  a 2 - g l o b u l i n s  a n d  t h e  s e r u m  m u c o i d s .  
However ,  w e  d i d  n o t  s u c c e e d  i n  f i n d i n g  a n y  c h a n g e s  [ 1 9 ]  i n  t h e  d o g s  
who h a d  u n d e r g o n e  o n e - r e v o l u t i o n  f l i g h t s  on  S p u t n i k s  4 a n d  5 .  

I n  a number o f  e x p e r i m e n t s  ( o n  S p u t n i k s  4 a n d  5 ) ,  we e x a m i n e d  
t h e  c o n t e n t  o f  s e r o t o n i n  ( o x y t r y p t a m i n e - 5 )  i n  t h e  b l o o d  o f  d o g s  
a n d  m i c e .  I t  w a s  e s t a b l i s h e d  t h a t ,  t h e  f l i g h t  c a u s e s  a d e c r e a s e  
i n  t h e  l e v e l  o f  a m i n e  i n  t h e  a n i m a l s '  b l o o d ,  w i t h  s u b s e q u e n t  n o r 
m a l i z a t i o n  a s h o r t  t i m e  a f t e r  l a n d i n g  C411. 

I n  e x a m i n i n g  n a t u r a l  i m m u n i t y  i n  d o g s  ( q u a n t i t y  o f  m i c r o b e s  
on  t h e  s u r f a c e  o f  t h e  e p i d e r m i s ,  b a c t e r i c i d a l  p r o p e r t i e s  o f  t h e  
b l o o d )  a f t e r  f l i g h t s  a b o a r d  s p a c e  p r o b e s ,  w e  n o t e d  v a r i a t i o n s  i n  
i m m u n o l o g i c a l  r e a c t i v i t y ,  w i t h  p r e d o m i n a n c e  o f  t h e  a c t i v a t i o n  
p h a s e s .  T h e s e  s h i f t s  r e t u r n e d  t o  t h e i r  o r i g i n a l  l e v e l  r a t h e r  r a p 
i d l y  ( d u r i n g  t h e  f i r s t  week a f t e r  t h e  l a n d i n g )  [ l ] .  

The c o n t r o l  e x p e r i m e n t s  c o n d u c t e d  u n d e r  l a b o r a t o r y  c o n d i t i o n s  
showed t h a t  t h e  c h a n g e s  i n  t h e  f u n c t i o n a l  s t a t e  o f  t h e  c a r d i o v a s c u 
l a r  a n d  o t h e r  s y s t e m s  a n d  c e r t a i n  v a r i a t i o n s  i n  t h e  m e t a b o l i c  p r o 
c e s s e s  f o u n d  i n  a n i m a l s  a f f e c t e d  by a s p a c e  f l i g h t ,  c a n  a l s o  o c c u r  
b e c a u s e  o f  i n d i v i d u a l  f l i g h t  f a c t o r s  - v i b r a t i o n ,  a c c e l e r a t i o n ,  a s  
w e l l  a s  c o m b i n a t i o n s  o f  t h e s e  c11, 1 9 ,  3 5 ,  4 1 1 .  

T h u s ,  h a v i n g  a n a l y z e d  t h e  r e s u l t s  o f  t h e  p h y s i o l o g i c a l  s t u d i e s  
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c o n d u c t e d  d u r i n g  a n d  a f . te r  t h e  f l i g h t ,  as  w e l l  a s  t h e  b i o c h e m i c a l  
s t u d i e s  c o n d u c t e d  a s h o r t  t i m e  a f t e r  t h e  f l i g h t  ( d u r i n g  t h e  f i r s t  
week a f t e r  t h e  l a n d i n g ) ,  a n d  h a v i n g  c o m p a r e d  t h e m  w i t h  d a t a  f r o m  

/ 7 2l a t e r  o b s e r v a t i o n s ,  w e  s e e  t h a t  t h e  r e c o r d e d  c h a n g e s  r e f l e c t e d  a -
s t r e s s  r e a c t i o n  c a u s e d  b y  t h e  e f f e c t  o f  a c o m b i n a t i o n  o f  f l i g h t  
f a c t o r s .  

We w i l l  d i s c u s s  b r i e f l y  t h e  r e s u l t s  o f  c y t o g e n e t i c  s t u d i e s  o n  
t h e  b o n e  mar row a n d  s p l e e n  of  mice who were a b o a r d  S p u t n i k s  2 ,  4 ,  
a n d  5 .  I t  w a s  shown i n  t h e s e  e x p e r i m e n t s  t h a t  t h e  f l i g h t  c a u s e d  
t h e  p e r c e n t a g e  o f  chromosome r e a r r a n g e m e n t s  a n d  a d h e s i o n s  o f  t h e  
chromosomes  i n  t h e  c e l l  n u c l e i  o f  t h e s e  o r g a n s  t o  i n c r e a s e  w i t h  
s t a t i s t i c a l  r e l i a b i l i t y  [ S ,  6 1 .  I n  a p a t h o m o r p h o l o g i c a l  e x a m i n a t i o n  
o f  t h e  p a r e n c h y m a t o u s  o r g a n s ,  d y s t r o p h i c ,  m o s t l y  r e v e r s i b l e ,  c h a n g e s  
were f o u n d .  C o n t r o l  e x p e r i m e n t s  u n d e r  l a b o r a t o r y  c o n d i t i o n s  showed 
t h a t  s u c h  c h a n g e s  d o  o c c u r  i n  m i c e ,  n o t  o n l y  b e c a u s e  o f  t h e  e f f e c t  
o f  i o n i z i n g  r a d i a t i o n  ( a s  w a s  p r e v i o u s l y  k n o w n ) ,  b u t  a l s o  d u e  t o  
t h e  e f f e c t  o f  v i b r a t i o n  a n d  a c c e l e r a t i o n  [ 5 ,  6 1 .  

STUDIES O N  A C U L T U R E  OF C E L L S  OF T H E  "HELA" STRAIN 

T h i s  m a t e r i a l  w a s  u s e d  i n  e x p e r i m e n t s  on  S p u t n i k s  2 ,  4 ,  a n d  5 ,  
a n d  on  "Vos tok -4"  " V o s t o k - 5 " ,  a n d  "Voskhod" .  For v a r i o u s  r e a s o n s  , 
t h i s  s t r a i n  p r o v e d  t o  be  t h e  m o s t  a d v a n t a g e o u s  f o r  s i m i l a r  e x p e r i 
m e n t s .  We s t u d i e d  t h e  e f f e c t  o f  a c o m b i n a t i o n  o f  f l i g h t  f a c t o r s  
on  t h e  v i a b i l i t y  of t h e  c e l l s ,  t h e  c h a r a c t e r  o f  t h e i r  g r o w t h ,  a n d  
t h e i r  a n t i g e n i c  a n d  m o r p h o l o g i c a l  p r o p e r t i e s .  W e  p r o v i d e d  f o r  a 
s t u d y  o f  t h e  p o s s i b l e  i n t e g r a t i o n  of t h e  e f f e c t  o f  f a c t o r s  i n  a 
s p a c e  f l i g h t ,  u s i n g  o n e  c u l t u r e  r e p e a t e d l y  i n  a number  o f  e x p e r i 
m e n t s  ( o n  "Vos tok -4"  , "Vos tok-6"  , a n d  "Voskhod")  . 

The s t u d i e s  made w i t h  a c u l t u r e  o f  t h e  "Hela" c e l l s  show t h a t  
t h e  v i a b i l i t y  o f  t h e  c u l t u r e  was p r e s e r v e d  u n d e r  t h e s e  c o n d i t i o n s .  
On ly  c e r t a i n  i m m u n o b i o l o g i c a l  c h a n g e s  were  n o t e d  i n  t h e  c e l l s ,  
w h i c h  were n o t  l i n k e d  w i t h  t h e  l e n g t h  o f  t h e  f l i g h t  a n d  o b v i o u s l y  
were c a u s e d  by a n o n - s p e c i f i c  e f f e c t  o f  e x t r e m a 1  f a c t o r s  [ 2 8 - 3 0 1 .  

We c a n  c o n s i d e r  t h a t  i n  t h e  p r o c e s s  o f  c o n d u c t i n g  f l i g h t  t e s t s  
t h e r e  c a n  b e  a s e l e c t i o n  o f  a c e r t a i n  t y p e  o f  c e l l s  w h i c h  a r e  
a d a p t e d  t o  p r e s e r v a t i o n  u n d e r  d i s a d v a n t a g e o u s  c o n d i t i o n s  o f  e x p e r i 
m e n t s  a n d  c o n t r o l s .  S u b s e q u e n t l y ,  t h e  l i n e s  o f  c u l t u r e s  w i t h  c e l l s  
o f  t h e  Hela  s t r a i n  t h u s  s e l e c t e d  a r e  v e r y  v a l u a b l e  m a t e r i a l s  for 
s t u d y i n g  t h e  e f f e c t  o f  l o n g e r  f l i g h t s  a n d  h i g h e r  l e v e l s  o f  s p a c e  
r a d i a t i o n  on  human c e l l s .  

EXPERIMENTS W I T H  DROSOPHILA MELANOGASPER 

F i r s t ,  l e t  u s  e x a m i n e  t h e  r e s u l t s  o f  e x p e r i m e n t s  c o n d u c t e d  on  
S p u t n i k s  2 ,  4 ,  a n d  5 a n d  " V o s t o k - l " ,  " V o s t o k - 2 " ,  " V o s t o k - 3 " ,  and  
f1Vostok-41 ' .  I n  t h e  e x p e r i m e n t s ,  w e  u s e d  f l i e s  o f  d i f f e r e n t  l i n e s .  
The e f f e c t  o f  t h e  f a c t o r s  ( p r i n c i p a l l y ,  s p a c e  r a d i a t i o n )  on  t h e s e  
m a t e r i a l s  w a s  e s t i m a t e d  on  t h e  b a s i s  o f  t h e i r  e f f e c t  o n  t h e  
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r a t e  o f  o c c u r r e n c e  o f  s e x - l i n k e d  d o m i n a n t  a n d  r e c e s s i v e  l e t h a l  
m u t a t i o n s  a n d  t h e i r  e f f e c t  o n  t h e  r a t e  o f  o c c u r r e n c e  o f  p r i m a r y  non
d i v e r g e n c e  f o r  t h e  X-chromosomes.  An a n a l y s i s  o f  t h e  d a t a  o b t a i n e d  
shows  p r i m a r i l y ,  t h a t  t h e r e  i s  n o  c l e a r  r e l a t i o n s h i p  b e t w e e n  t h e  
g e n e t i c  c h a n g e s  i n  DrosophfZa mezanogaster a n d  t h e  l e n g t h  o f  t h e  
f l i g h t .  T h u s ,  h a v i n g  e x a m i n e d  t h e  e f f e c t  o f  s p a c e - f l i g h t  f a c t o r s  2 
o n  t h e  r a t e  o f  o c c u r r e n c e  o f  s e x - l i n k e d  r e c e s s i v e  l e t h a l  m u t a t i o n s ,  
w e  c a n  s e e  t h a t  s t a t i s t i c a l l y  r e l i a b l e  c h a n g e s  were  f o u n d  f o r  t h e  
f l i g h t s  o n  S p u t n i k s  2 a n d  4 a n d  l l V o s t o k - l " ,  w h i l e  n o n e  were  d i s 
c o v e r e d  f o r  t h e  f l i g h t s  o f  S p u t n i k  5 a n d  " V o s t o k - 2 " .  T h e r e  w a s  
a l s o  n o  m u t a g e n i c  e f f e c t  f o u n d  i n  t h e  e x p e r i m e n t s  w i t h  f r u i t  f l i e s  
( D r o s o p h i l a )  f o r  t h e  f l i g h t s  o f  t h e  " V o s t o k - 3 "  a n d  " V o s t o k - 4 " .  The  
s t a t i s t i c a l l y  r e l i a b l e  e f f e c t  f o r  d o m i n a n t  l e t h a l s  w a s  f o u n d  i n  t h e  
e x p e r i m e n t s  o n  S p u t n i k s  2 a n d  4 ;  i n  t h e  e x p e r i m e n t s  o n  " V o s t o k - 2 " ,  
" V o s t o k - 3 " ,  a n d  " V o s t o k - 4 1 1 ,  t h e  e f f e c t  w a s  s t a t i s t i c a l l y  u n r e l i a b l e .  
The e f f e c t  on  t h e  r a t e  of  o c c u r r e n c e  o f  a p r i m a r y  n o n - d i v e r g e n c e  
o f  t h e  X-chromosomes s s t u d i e d  a b o a r d  "Vos tok - l " , "Vos tok -2" ,  a n d  
" V o s t o k - 3 " .  T h e n ,  i n  t h e  e x p e r i m e n t s  on  " V o s t o k - 1 "  a n d  " V o s t o k - 2 " ,  
t h e  g e n e t i c  e f f e c t  w a s  s t a t i s t i c a l l y  r e l i a b l e ,  w h i l e  t h i s  w a s  e n 
t i r e l y  l a c k i n g  i n  t h e  e x p e r i m e n t  on  " V o s t o k - 3 "  [14, 1 5 ,  1 7 ,  2 7 ,  4 2 ,  
4 4 1 .  

U n f o r t u n a t e l y ,  f o r  r e a s o n s  n o t  c o n n e c t e d  w i t h  t h e  e f f e c t  o f  
s p a c e - f l i g h t  f a c t o r s ,  t h e  e x p e r i m e n t  w i t h  D r o s o p h i l a  a b o a r d  "Vos tok 
5 "  a n d  " V o s t o k - 6 "  c o u l d  n o t  b e  c o m p l e t e d .  A l l  t h e  f l i e s  d i e d  a f t e r  
l a n d i n g  - p r o b a b l y  a s  a r e s u l t  o f  u n f a v o r a b l e  t e m p e r a t u r e  c o n d i t i o n s .  

The p r o g r a m  o f  b i o l o g i c a l  s t u d i e s  a b o a r d  t h e  "Voskhod" a l s o  
e n t a i l e d  c o n d u c t i n g  e x p e r i m e n t s  w i t h  DrosophiZa mezanogaster. The 
e x p e r i m e n t s  w e r e  p e r f o r m e d  on  f l i e s  o f  two l i n e s :  " w h i t e "  a n d  
"Domodedovo-32".  A s i g n i f i c a n t  p l a c e  i n  t h e s e  e x a m i n a t i o n s  was 
g i v e n  t o  t h e  s t u d y  o f  t h e  p r o t e c t i v e  e f f e c t  o f  m e t h o x y t r y p t a m i n e - 5 ,  
a n  a c t i v e  a n t i - r a d i a t i o n  medium. The e x p e r i m e n t  i s  s t i l l  n o t  com
p l e t e ,  and  i t  i s  t h e r e f o r e  d i f f i c u l t  t o  d i s c u s s  i t s  s c i e n t i f i c  
s i g n i f i c a n c e  a t  p r e s e n t .  However ,  we s h o u l d  n o t e  t h a t  t h e  m a t e r i a l s  
a r r i v e d  i n  t h e  l a b o r a t o r y  i n  good c o n d i t i o n  a n d  t h e  e x p e r i m e n t  was 
c o n d u c t e d  s u c c e s s f u l l y .  

How c a n  w e  e x p l a i n  t h e  a p p e a r a n c e  i n  some f l i g h t s  a n d  t h e  l a c k  
i n  o t h e r  f l i g h t s ,  o f  h e r e d i t a r y  c h a n g e s  i n  f r u i t  f l i e s  ( D r o s o p h i l a ) ?  
We m i g h t  t h i n k  t h a t  t h e  g e n e t i c  e f f e c t  was c a u s e d  by  v i b r a t i o n  and  
a c c e l e r a t i o n .  However ,  if t h i s  e f f e c t  d e p e n d e d  on  t h e s e  f a c t o r s ,  
t h e i r  m u t a g e n i c  a c t i o n  s h o u l d  o c c u r  f o r  a l l  s e v e n  f l i g h t s .  The 
h e r e d i t a r y  c h a n g e s  i n  f r u i t  f l i e s  ( D r o s o p h i l a )  a r e  p r o b a b l y  n o t  
l i n k e d  t o  t h e  e f f e c t  o f  w e i g h t l e s s n e s s  e i t h e r ,  s i n c e  t h e r e  w a s  n o  
r e l a t i o n s h i p  i n  t h e  e x p e r i m e n t s  b e t w e e n  t h e  a p p e a r a n c e  o f  t h e  e f 
f e c t  a n d  t h e  i n c r e a s e  i n  t h e  t i m e  o f  w e i g h t l e s s n e s s .  We h a v e  n o t  
e x c l u d e d  t h e  i d e a  t h a t  a n  i m p o r t a n t  r o l e  i n  t h e  o c c u r r e n c e  o f  g e n e t 
i c  e f f e c t s  f o r  D r o s o p h i l a  d u r i n g  f l i g h t  c a n  b e  a s s i g n e d  t o  h a r d  
c o s m i c  r a d i a t i o n .  I t  i s  c o m p l e t e l y  o b v i o u s  t h a t  t h i s  a s s u m p t i o n  
r e q u i r e s  f u r t h e r  e x p e r i m e n t a l  p r o o f s  o b t a i n e d  i n  l a b o r a t o r y  e x p e r i 
m e n t s ,  f o r  e x p l a i n i n g  t h e  combined  e f f e c t  o n  t h e  h e r e d i t a r y  s t r u c 
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t u r e s  o f  v i b r a t i o n ,  a c c e l e r a t i o n ,  a n d  i o n i z i n g  r a d i a t i o n ,  a n d  ob
t a i n e d  i n  f l i g h t  t e s t s  w h i c h  c o n t i n u e  f o r  a l o n g  p e r i o d  o f  t i m e .  

We h a v e  r e a s o n s  t o  h o p e  t h a t  t h e  a p p l i c a t i o n  of m e t h o x y t r y p - 1 7 4-
t a m i n e - 5  ( a n  e x p e r i m e n t  a b o a r d  t h e  "Voskhod")  w i l l  g r e a t l y  a i d  i n  
e s t a b l i s h i n g  t h e  c a u s e  o f  t h e  g e n e t i c  e f f e c t s  d i s c o v e r e d  i n  c e r t a i n  
f l i g h t s .  

L e t  u s  d i s c u s s  t h e  r e s u l t s  o f  a n  e x p e r i m e n t  c o n d u c t e d  w i t h  t h e  
a i d  o f  t h e  a s t r o n a u t s  N i k o l a y e v  a n d  P o p o v i c h .  The p r i n c i p a l  g o a l  
of t h i s  e x p e r i m e n t  w a s  t o  s t u d y  t h e  r e p r o d u c t i o n  p r o c e s s e s  i n  
D r o s o p h i l a  m e l a n o g a s t e r  i n  t h e  s t a t e  o f  w e i g h t l e s s n e s s .  Males a n d  
f e m a l e s  o f  t h e  w i l d  l a b o r a t o r y  l i n e  "Domodedovo-32" w e r e  u s e d .  

The p r o g e n y  d e v e l o p e d  f r o m  e g g s  w h i c h  w e r e  l a i d  u n d e r  t h e  
c o n d i t i o n s  o f  w e i g h t l e s s n e s s  a n d  i m m e d i a t e l y  a f t e r  l a n d i n g  w e r e  
s t u d i e d  i n  t h e  1 a b o T a t o r y .  I n  o r d e r  t o  a n a l y z e  a n d  e v a l u a t e  t h e  
i m p o s e d  d i s o r d e r s ,  w e  c a l c u l a t e d  t h e  s p e e d  o f  e m b r y o n i c  d e v e l o p m e n t ,  
t h e  q u a n t i t y ,  s e x ,  a n d  w e i g h t  o f  t h e  f l i e s  b e i n g  h a t c h e d ,  t h e  d i 
v e r g e n c e  f r o m  t h e  norm f o r  t h e  s h a p e  of t h e  b o d y ,  t h e  s i z e ,  c o l o r ,  
a n d  s h a p e  o f  t h e  e y e s ,  a n d  t h e  s i z e  a n d  v e n a t i o n  o f  t h e  w i n g s .  The 
m a t u r e  s p e r m  o f  t h e  m a l e s  w h i c h  were h a t c h e d  w e r e  a n a l y z e d  f o r  t h e  
p r e s e n c e  o f  l e t h a l  a n d  v i s i b l e  r e c e s s i v e  m u t a t i o n s  i n  t h e  g e n i t a l  
chromosome.  

An a n a l y s i s  of t h e  e x p e r i m e n t a l  d a t a  showed t h a t  f e r t i l i z a t i o n ,  
l a y i n g  o f  t h e  e g g s ,  a n d  d e v e l o p m e n t  o f  D r o s o p h i l a  c a n  o c c u r  n o r 
m a l l y  u n d e r  t h e  c o n d i t i o n s  o f  w e i g h t l e s s n e s s  f o r  u p  t o  4 d a y s .  I n  
t h e s e  e x p e r i m e n t s ,  w e  f o u n d  a n  a b n o r m a l i t y  i n  t h e  s e x  r a t i o s :  i n  
a l l  t h e  c u l t u r e s ,  t h e  number  o f  f e m a l e s  s i g n i f i c a n t l y  e x c e e d e d  t h e  
number  o f  m a l e s ,  whose  h a t c h i n g  o c c u r r e d  somewhat  l a t e r  [ 4 3 ] .  

The e x c e s s  i n  t h e  number  o f  h a t c h e d  f e m a l e s  o v e r  t h e  number  o f  
males  c a n  b e  e x p l a i n e d  i n  a number  o f  w a y s .  One i s  t h e  s e l e c t i v e  
e f f e c t  o f  s p a c e  f l i g h t  on  s p e r m  w i t h  Y-chromosomes ,  c o m p l i c a t i n g  
t h e i r  u t i l i z a t i o n .  M o r e o v e r ,  t h e  a b n o r m a l i t y  o f  t h e  s e x  r a t i o  
among f l i e s  w h i c h  w e r e  h a t c h e d  l a t e r  c o u l d  b e  c a u s e d  by  t h e  l o s s  
o f  Y-chromosomes i n  m e i o s i s .  However ,  i t  i s  more  p r o b a b l e  t h a t ,  
u n d e r  e x p e r i m e n t a l  c o n d i t i o n s ,  t h e  s u r v i v a l - c a p a c i t y  f o r  t h e  m a l e  
l a r v a e  w a s  l o w e r e d ,  o r  t h e  s u r v i v a l - c a p a c i t y  f o r  t h e  f e m a l e  l a r v a e  
w a s  i n c r e a s e d .  

H a v i n g  e m p h a s i z e d  our g r e a t  i n t e r e s t  i n  t h e  d a t a  o b t a i n e d  i n  
t h i s  e x p e r i m e n t ,  w e  s h o u l d  n o t e  t h a t  t h e y  h a v e  o n l y  q u a l i t a t i v e  
s i g n i f i c a n c e ,  a n d  t h e y  d o  n o t  p e r m i t  a q u a n t i t a t i v e  c a l c u l a t i o n  o f  
t h e  c h a n g e s  i n  t h e  m a t i n g  e n e r g y ,  t h e  l i f e  c a p a c i t y  o f  t h e  e m b r y o s  
a n d  l a r v a e ,  e t c .  T h e s e  c h a r a c t e r i s t i c s  c o u l d  c h a n g e  i n  r e l a t i o n  
t o  t h e  g e o t r o p i s m  o f  D r o s o p h i l a ,  b u t  i n  o r d e r  t o  f i n d  them w e  wou ld  
p r o b a b l y  h a v e  t o  d e t e r m i n e  t h e  v a r i a t i o n s  i n  t h e  c o r r e s p o n d i n g  
c h a r a c t e r i s t i c s  i n  t h e  p l u s - m i n u s  l i n e s  s e l e c t e d  by  t h i s  i n d e x .  
M o r e o v e r ,  i n  c o n d u c t i n g  q u a n t i t a t i v e  e x a m i n a t i o n s ,  w e  c o u l d  n e v e r  
p r o d u c e  a n  o v e r p o p u l a t i o n  i n  c u l t u r e s ,  as  w a s  d o n e  i n  t h e s e  e x p e r i 
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ments, because this conceals the change in reproduction energy and 

prevents a precise calculation of the effect of flight factors on 

the life capacity of an organism, etc. 


We should also note that in analyzing the experimental data, /75 

we did not find any substantial effect of flight conditions on the 

shape-development of the flies. The recorded decrease in the sizes 

of the species can be completely explained by their development 

in a more compact trophic medium and under the conditions of over

population. Although the percentage (0.83%) of discovered anomalies 

in their development is very high, and we must consider the possi

bility of preferred elimination of anomalous varieties in this 

case, their character is nevertheless not specific and their abso

lute number is small. 


The question on whether or not factors of space flight have an 
effect on the shape-development, and which factors these are, 
should be the subject of further study. In all probability, the 
average values for the characteristics determined in the development 
of variations under the conditions of weightlessness can be shifted 
to one side or the other. The total variance, reflecting the 
accuracy in channeling the development to various conditions of 
the exterior medium, also changes, as does the individual variance, 
determined by the stochastic variability of the development. In 
particular, the study of the phenotype appearance of mutations 
involving the structure of the wings is of great interest in the 
development of variations under the conditions of weightlessness. 
The novel conditions of the medium, with lack of a phylogenetic 
basis for such mutations, can cause formation of shapes which differ 
sharply from those developed under normal conditions [ 4 ,  433. 

STUDIES WITH PLANT MATERIALS 


In the experiments, we used Chlorella, dry seeds from higher 

plants, and microspores of spiderwort. 


Various strains of Chlorella were exposed on Sputniks 2, 4, 
and 5 , and on "Vostok-5", "Vostok-6" and "Voskhod". These strains 
differed in shape, cell size, ability to give off oxygen, resist
ance to radiation, etc.: in the experiments, we used various 
trophic media. We studied the effect of a combination of flight 
factors on the life capacity and mutability of chlorella. The 
dynamics of the development of the Chlorella cells and their sur
vival was studied by the method of calculating microcolonies. The 
method for calculating macrocolonies was used for determining 
mutations. 

An analysis of the experimental data shows that there is no 

significant effect of flight conditions.on the survival and rate of 
mutations f o r  most of the Chlorella strains examined. At the same 
time, for those which were least resistant to radiation, there was 
a definite tendency to a decrease in survival and an increase in 
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m u t a b i l i t y .  However ,  t h e  d i f f e r e n c e  i n  t h e  m u t a b i l i t y  r e l a t i o n 
s h i p  d i d  n o t  seem t o  be  s t a t i s t i c a l l y  r e l i a b l e ,  a n d  t h e  d e c r e a s e  
i n  s u r v i v a l  w a s  sma l l  a n d  i n s i g n i f i c a n t  f o r  a n  i n t e n s i v e  c u l t u r e  
C20, 4 7 ,  5 2 1 .  

The e x p e r i m e n t s  w i t h  d r y  s e e d s  f r o m  h i g h e r  p l a n t s  were c o n 
d u c t e d  o n  a l l  t h e  c r a f t .  The s e e d s  o f  w h e a t ,  o n i o n ,  t o m a t o e s ,  /76
p i n e s ,  b e a n s ,  s p i n d l e  t r e e s ,  a n d  o t h e r s  w e r e  u s e d  f o r  t h e  p h y s i o 
l o g i c a l  a n d  c y t o g e n e t i c  s t u d i e s  e x a m i n e d  i n  t h i s  a r t i c l e .  

The p h y s i o l o g i c a l  s t u d i e s  p r o v i d e d  f o r  d e t e r m i n i n g  t h e  a b s o 
l u t e  g e r m i n a t i n g  c a p a c i t y  o f  t h e  s e e d s  a n d  f o r  s t u d y i n g  t h e  c o u r s e  
o f  g e r m i n a t i o n  a n d  t h e  d e v e l o p m e n t  o f  r o o t s .  

T h e s e  e x p e r i m e n t s  showed t h a t  a c o m b i n a t i o n  o f  f l i g h t  f a c t o r s  
h a s  a v a r y i n g  e f f e c t  on  t h e  i n a b i l i t y  o f  t h e  s e e d s  i n  t h e  m a j o r i t y  
o f  t h e  t y p e s  o f  p l a n t s  s t u d i e d ,  c a u s i n g  s t i m u l a t i o n  i n  some c a s e s  
a n d  s u p p r e s s i o n  o f  g e r m i n a t i o n  i n  o t h e r s .  I n  a q u a n t i t a t i v e  r e 
l a t i o n s h i p ,  t h e s e  c h a n g e s  a r e  s m a l l  a n d ,  a s  a r u l e ,  u n r e l i a b l e .  
I n  a number  o f  c a s e s ,  t h e r e  w a s  n o  f l i g h t  e f f e c t  f o u n d  [ 1 8 ,  4 8 ,  5 2 1 .  

The c y t o g e n e t i c  s t u d i e s  e x a m i n e d  t h e  chromosome r e a r r a n g e m e n t s  
i n  t h e  f i r s t  m i t o s e s  o f  t h e  r o o t s '  p r i m a r y  r o o t l e t s .  

An a n a l y s i s  o f  t h e  d a . t a  o b t a i n e d  showed t h a t  t h e  f l i g h t  c a u s e d  
t h e  p e r c e n t a g e  o f  chromosome r e a r r a n g e m e n t s  i n  m o s t  o f  t h e  s e e d s  
b e i n g  s t u d i e d  t o  i n c r e a s e .  However ,  t h i s  i f ic rease  w a s  s t a t i s t i c a l l y  
r e l i a b l e  o n l y  f o r  c e r t a i n  s e e d s :  w h e a t ,  p e a s  [ 1 6 ,  5 5 ,  5 6 1 ,  c a r r o t s ,  
a n d  t o m a t o e s  C251. T h e r e  were more  chromosome r e a r r a n g e m e n t s  i n  
t h e  e x p e r i m e n t a l  s a m p l e s  a n d  more  c h r o m a t i n  r e a r r a n g e m e n t s  i n  t h e  
c o n t r o l s .  M o r e o v e r ,  t h e r e  w e r e  more r e c o m b i n a t i o n s  i n  t h e  e x p e r i 
men t  a n d  more  f r a g m e n t s  i n  t h e  c o n t r o l .  

We s h o u l d  n o t e  t h a t  t h e r e  w a s  n o  c o r r e l a t i o n  among t h e  amount  
o f  chromosome d i s o r d e r s ,  t h e  r a d i o - s e n s i t i v i t y  o f  t h e  s e e d s ,  a n d  
t h e  l e n g t h  o f  t h e  f l i g h t .  T h u s ,  f o r  e x a m p l e ,  t h e  p e r c e n t a g e  o f  
chromosome r e a r r a n g e m e n t s  i n  r a d i o - s e n s i t i v e  p i n e  s e e d s  w a s  much 
l o w e r  t h a n  i n  r a d i a t i o n - r e s i s t a n t  o n i o n  s e e d s  ( e x p e r i m e n t s  on  "Vos
t o k - 5 "  a n d  " V o s t o k - 6 " .  The d e g r e e  o f  t h e  e f f e c t  f o r  m o s t  o f  t h e  
s e e d s  b e i n g  s t u d i e d  d i d  n o t  d e p e n d  on t h e  l e n g t h  o f  t h e  e x p e r i m e n t ,  
a n d  t h e  g e n e t i c  i n j u r i e s  o b t a i n e d  a s  a r e s u l t  o f  o n e - ,  t h r e e - ,  a n d  
f i v e - d a y  f l i g h t s  w e r e ,  a s  a r u l e ,  i d e n t i c a l  i n  v a l u e  [ 2 5 ,  5 2 1 .  

The e x p e r i m e n t  w i t h  s p i n d l e - t r e e  s e e d s ,  c o n d u c t e d  d u r i n g  t h e  
f l i g h t  of t h e  " V o s t o k - 5 " ,  i s  o f  c e r t a i n  i n t e r e s t .  D u r i n g  t h i s  
f l i g h t ,  t h e  s e e d s  w e r e  p l a n t e d  i n  b o t h  t h e  i n t a c t  a n d  i r r a d i a t e d  
s t a t e s  ( 1 0 , 0 0 0  r a d ) .  I t  was f o u n d  t h a t  f l i g h t  c o n d i t i o n s  i n  b o t h  
c a s e s  c a u s e d  a n  i n c r e a s e  i n  t h e  y i e l d  o f  c e l l s  w i t h  chromosome 
a b e r r a t i o n s  ( 3 %  on t h e  a v e r a g e ) .  I n  t h e  ca se  o f  i r r a d i a t i o n ,  t h e r e  
w a s  i n t e g r a t i o n  o f  t h e  e f f e c t  o f  i o n i z i n g  r a d i a t i o n  a c t i n g  on  t h e  
E a r t h  and  t h e  f l i g h t  c o n d i t i o n s  C401. 
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How c a n  w e  e x p l a i n  t h e  p h y s i o l o g i c a l  c h a n g e s  and  t h e  g e n e t i c  
d i s o r d e r s  a p p e a r i n g  i n  t h e  d r y  s e e d s  o f  h i g h e r  p l a n t s  a f f e c t e d  by  
s p a c e  f l i g h t ?  S t i m u l a t i o n  a n d  o p p r e s s i o n  o f  g r o w t h  a n d  a n  i n c r e a s e  
i n  t h e  p e r c e n t a g e  o f  chromosome r e a r r a n g e m e n t s  w e r e  f o u n d  i n  d r y  
s e e d s  o f  v a r i o u s  t y p e s  i n  a l l  t h e  f l i g h t  e x p e r i m e n t s .  The l a c k  o f  
a r e l a t i o n s h i p  b e t w e e n  t h e  o b s e r v e d  e f f e c t s  a n d  t h e  l e n g t h  o f  t h e  
f l i g h t  a s  f a r  a s  r a d i a t i o n  s e n s i t i v i t y  i s  c o n c e r n e d  g i v e s  u s  a b a s i s  / 7 7  
f o r  a s s u m i n g  t h a t  t h e  p h y s i o l o g i c a l  c h a n g e s  a n d  t h e  chromosome d i s 
o r d e r s  a r e  p r o b a b l y  n o t  l i n k e d  w i t h  t h e  e f f e c t  o f  w e i g h t l e s s n e s s  a n d  
s p a c e  r a d i a t i o n ,  b u t  a r e  c a u s e d  by  a c o m p l e x  e f f e c t  o f  m e c h a n i c a l  
f a c t o r s  d u r i n g  l a u n c h i n g  a n d  l a n d i n g .  A t  t h e  s a m e  t i m e ,  t h e  r e s u l t s  
o b t a i n e d  f o r  t h e  f l i g h t  e x p e r i m e n t s  d o  n o t  a l l o w  u s  t o  e x c l u d e  t h e  
i d e a  o f  t h e  p a r t i c i p a t i o n  o f  h a r d  c o s m i c  r a y s  i n  t h e  g e n e t i c  e f 
f e c t s .  I t  i s  o b v i o u s  t h a t  i n  o r d e r  t o  e x p l a i n  t h e  r e a s o n s  f o r  
t h e s e  phenomena  w e  m u s t  c o n d u c t  s p e c i a l  e x p e r i m e n t s  u n d e r  f l i g h t  
a n d  l a b o r a t o r y  c o n d i t i o n s ,  w h i c h  w i l l  a l l o w  d i f f e r e n t i a t i n g  t h e  
e f f e c t s  o f  i n d i v i d u a l  f a c t o r s .  I t  s e e m s  t o  u s  t h a t  t h e s e  p r o b l e m s  
c a n  b e  s o l v e d  p r i n c i p a l l y  i n  e x p e r i m e n t s  w i t h  r o o t s ,  w h i c h  m u s t  b e  
p e r f o r m e d  d u r i n g  d i f f e r e n t  o r b i t s  o f  a f l i g h t ,  and  a l s o  i n  e x p e r i 
m e n t s  u s i n g  m e d i a  w h i c h  a r e  r e s i s t a n t  t o  v a r i o u s  f l i g h t  f a c t o r s .  

M i c r o s p o r e s  o f  Tradescantia paludosa w e r e  w i d e l y  u s e d  f o r  c y t o 
g e n e t i c a l  s t u d i e s ,  b e g i n n i n g  w i t h  t h e  e x p e r i m e n t s  on  11Vostok-311a n d  
" V o s t o k - 4 " .  A s t r o n a u t s  P o p o v i c h ,  B y k o v s k i y ,  a n d  Yegorov  p a r t i c i 
p a t e d  a c t i v e l y  i n  t h e  e x p e r i m e n t s  w i t h  t h e s e  m a t e r i a l s .  'They p e r 
f o r m e d  e x p e r i m e n t s  w i t h  some o f  t h e  m a t e r i a l s ,  lk, 2 3 ,  5 6 ,  7 6 ,  a n d  
1 2 0  h o u r s  a f t e r  t h e  c r a f t  e n t e r e d  o r b i t ,  t h u s  o b t a i n i n g  i n t e r e s t i n g  
d a t a  f o r  d i f f e r e n t i a t i n g  t h e  e f f e c t s  o f  v i b r a t i o n  a n d  a c c e l e r a t i o n  
o c c u r r i n g  d u r i n g  l a u n c h i n g  a n d  l a n d i n g ,  f r o m  t h e  e f f e c t s  o f  w e i g h t 
l e s s n e s s  a n d  s p a c e  r a d i a t i o n .  

A c y t o l o g i c a l  a n a l y s i s  o f  t h e  m i c r o s p o r e s  o f  T r a d e s c a n t i a  r e 
v e a l e d  t h r e e  t y p e s  o f  c h a n g e s  o c c u r r i n g  a s '  a r e s u l t  o f  t h e  f l i g h t :  
( a >  r e a r r a n g e m e n t s  o f  t h e  ch romosomes ;  ( b )  d i s o r d e r s  i n  m i t o s i s  
m e c h a n i s m s ;  (c) d i s o r d e r s  i n  g r o w t h  p r o c e s s e s .  

The f l i g h t  c o n d i t i o n s  for a l l  f o u r  " V o s t o k "  c r a f t  c a u s e d  a 
g r e a t  i n c r e a s e  i n  t h e  number  o f  chromosome r e a r r a n g e m e n t s .  T h u s ,  
t h e  t o t a l  p e r c e n t a g e  o f  r e a r r a n g e m e n t s  i n  t h e  m e t a p h a s e  and  a n a 
p h a s e  d u r i n g  t h e  e x p e r i m e n t  on " V o s t o k - 3 "  was 1 . 8 9  ? 0 . 0 8 ;  f o r  
" V o s t o k - 4 " ,  " V o s t o k - 5 " ,  a n d  " V o s t o k - 6 " ,  i t  w a s  1 . 4 9  * 0 . 0 4 ,  1 . 2 4  
f 0.10, a n d  1 . 9 4  * 0 . 0 9 ,  r e s p e c t i v e l y .  A n a l y s i s  o f  t h e  d a t a  f r o m  
t h e  "Voskhod" h a s  n o t  y e t  b e e n  c o m p l e t e d :  h o w e v e r ,  t h e  p r e v i o u s  
r e s u l t s  g i v e  u s  r e a s o n  t o  h o p e  t h a t  t h e  f a c t s  o b t a i n e d  w i l l  b e  a 
s u b s t a n t i a l  s u p p l e m e n t  t o  t h e  d a t a  w e  now h a v e .  

W e  s h o u l d  n o t e  t h a t ,  among t h e  chromosome d i s o r d e r s  w e  f o u n d ,  
a new t y p e  o f  r e a r r a n g e m e n t s  p l a y e d  a s i g n i f i c a n t  r o l e :  s p h e r i c a l  
f r a g m e n t s  w h i c h  w e r e  r e c o r d e d ,  n o t  o n l y  i n  t h e  m e t a p h a s e ,  a n a p h a s e ,  
a n d  t e l o p h a s e ,  b u t  a l s o  i n  t h e  p r o p h a s e  a n d  i n t e r p h a s e .  I n  t h e  
l a b o r a t o r y  e x p e r i m e n t s ,  t h i s  t y p e  o f  r e a r r a n g e m e n t  was f o u n d  o n l y  
u n d e r  t h e  i n f l u e n c e  o f  h i g h  a c c e l e r a t i o n  ( 4 0 0 0  g a n d  m o r e ) .  
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A q u e s t i o n  n a t u r a l l y  a r i s e s :  w h i c h  f l i g h t  f a c t o r s  c a u s e  t h e  
chromosome d i s o r d e r s  i n  t h e  T r a d e s c a n t i a  m i c r o s p o r e s ?  An a n a l y s i s  
o f  t h e  d a t a ,  o b t a i n e d  w i t h  t h e  a i d  o f  B y k o v s k i y ,  i n d i c a t e s  t h a t  

/ 7 8v a r i o u s  t y p e s  o f  chromosome r e a r r a n g e m e n t s  a r e  p r o b a b l y  c a u s e d ,  -
m a i n l y ,  b y  t h e  e f f e c t  o f  f a c t o r s  l i n k e d  w i t h  l a u n c h i n g  a n d  l a n d i n g .  
The g r e a t e s t  p e r c e n t  o f  d i s o r d e r s  w a s  r e c o r d e d  d u r i n g  t h e  f i r s t  
h o u r s  a f t e r  t h e  c r a f t  e n t e r e d  o r b i t ,  a n d  t h e  l e a s t  w a s  r e c o r d e d  
b e f o r e  l a n d i n g .  A f t e r  l a n d i n g ,  t h e  number o f  r e a r r a n g e m e n t s  a g a i n  
i n c r e a s e d .  

I n  a d d i t i o n  t o  t h e  chromosome r e a r r a n g e m e n t s ,  d i s o r d e r s  were 
a l s o  f o u n d  i n  t h e  m i t o s i s  m e c h a n i s m .  The p r i n c i p a l  d i s o r d e r s  w e r e  
t h e  n o n - s e p a r a t i o n  o f  chromosome c o m p l e x e s ,  t h e  r e m a i n i n g  o f  i n d i 
v i d u a l  n o n - s e p a r a t e d  c h r o m o s o m e s ,  t h r e e - a n d  f o u r - p o l a r  m i t o s e s ,  
a n d  a c h a n g e  i n  t h e  d i r e c t i o n  o f  t h e  s p i n d l e  a x i s .  

A s  t h e  s t u d i e s  s h o w e d ,  t h e  t o t a l  p e r c e n t a g e  o f  d i s o r d e r s  i n  
t h e  m i t o s i s  mechanism w a s  d e f i n i t e l y  l i n k e d  t o  t h e  l e n g t h  o f  t h e  
f l i g h t .  T h u s ,  f o r  e x a m p l e ,  d u r i n g  t h e  e x p e r i m e n t  o n  " V 0 s t o k - 5 ~ ~ ,  
when t h e  m a t e r i a l s  w e r e  i n  a s t a t e  o f  w e i g h t l e s s n e s s  f o r  1 . 5  h o u r s ,  
t h e  t o t a l  p e r c e n t a g e  o f  c e l l s  w i t h  m i t o s i s  d i s o r d e r s  w a s  0 . 4 9 ,  
w h i l e  d u r i n g  t h e  1 1 9 - h o u r  f l i g h t  i t  w a s  7 t i m e s  g r e a t e r  (3.1). 
T h e r e f o r e ,  t h i s  a n d  o t h e r  f a c t s  i n d i c a t e  t h a t  t h e  d i s o r d e r s  i n  t h e  
m i t o s i s  mechanism w e r e  c e r t a i n l y  l i n k e d  w i t h  t h e  e f f e c t  o f  w e i g h t 
l e s s n e s s  [ 4 ,  2 2 ,  2 3 ,  2 4 3 .  

We s h o u l d  b r i e f l y  m e n t i o n  t h e  d i s o r d e r s  i n  t h e  g r o w t h  p r o 
c e s s e s  i n  i n d i v i d u a l  c e l l s  o f  T r a d e s c a n t i a  m i c r o s p o r e s  w h i c h  were 
s u b j e c t e d  t o  f l i g h t s  on  " V o s t o k - 3 "  a n d  " V 0 s t o k - 6 - ' ~ .  The e x p e r i m e n t a l  
d a t a  showed t h a t  t h e r e  w a s  f o r m a t i o n  o f  p r o t u b e r a n c e s  i n  t h e  c e l l s ,  
g i a n t  c e l l s ,  a n d  c e r t a i n  d i s o r d e r s  i n  t h e  s y n c h r o n i s m  o f  m i c r o s p o r e  
d e v e l o p m e n t  i n  t h e  a n t h e r s .  

EXAMINATIONS W I T H  LYSOGENIC B A C T E R I A  E .  C O L I  K - 1 2  ( A )  

T h e s e  m a t e r i a l s  w e r e  u s e d  on  S p u t n i k s  4 a n d  5 ,  " V o s t o k - 1 "  t o  
"Vostok-6 ' '  a n d  "Voskhod" .  The i n j u r i o u s  e f f e c t  o f  f l i g h t  f a c t o r s ,  
p r i m a r i l y  s p a c e  r a d i a t i o n ,  a n d  a l s o  t h e  r e s i s t a n t  " a n t i g e n e t i c "  
e f f e c t  o f  m e r c a p t o p r o p y l a m i n e - B  ( e x p e r i m e n t s  o n  11Vostok-511a n d  
" V o s t o k - 6 " ,  a n d  "Voskhod")  a n d  m e t h o x y t r y p t a m i n e - 5  ( e x p e r i m e n t s  o n  
"Voskhod")  w e r e  c a l c u l a t e d  b y  i n d u c i n g  p h a g e - p r o d u c t i o n  i n  t h e  e x 
p e r i m e n t a l  a n d  c o n t r o l  s a m p l e s .  

T h e s e  e x p e r i m e n t s  showed t h a t  a c o m b i n a t i o n  o f  f l i g h t  f a c t o r s  
c a u s e s  a n  i n c r e a s e  i n  t h e  d e g r e e  of p h a g e - p a r t i c l e  p r o d u c t i o n  f o r  
t h e  l y s o g e n i c  c u l t u r e  E .  c o Z i  K - 1 2  ( A ) .  T h i s  e f f e c t  w a s  f o u n d  v e r y  
c l e a r l y  i n  t h e  e x p e r i m e n t s ,  b e g i n n i n g  w i t h  " V o s t o k - 3 " .  

I n  a n a l y z i n g  t h e  e x p e r i m e n t a l  d a t a  o b t a i n e d  i n  a l l  t h e  f l i g h t s ,  
w e  c a n  s e e  t h e  l a c k  of a c l e a r  d e p e n d e n c e  b e t w e e n  t h e  amount  o f  
i n d u c e d  p h a g e - p r o d u c t i o n  a n d  t h e  l e n g t h  o f  t h e  f l i g h t .  A s  w e  know, 
t h i s  c i r c u m s t a n c e  w a s  a l s o  f o u n d  i n  t h e  e x p e r i m e n t s  w i t h  d r y  s e e d s .  
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An examination of the resistant properties of mercaptopropyl
amine showed that this preparation, although it lowers the level 
of phage-producing activity for E .  c o l i  K-12 ( A ) ,  and has a genetic 
effect (affecting the genetic structures), it nevertheless does not 
protect the bacteria from the lethal effect of space-flight factors 
[31, 321. The data on the study of the protective properties of 
methoxytryptamine-5 should be of definite interest: it differs 
from mercaptopropylamine-6 in its effective mechanism. /79 

How can we explain the inducing genetic effect we are exam
ining, which was'found in lysogenic bacteria during experiments 
aboard spacecraft? It is well known that lysogenic bacteria are 
sensitive to radiation, and react to the effect of relatively small 
doses of ionizing radiation (200-400 mrad). This reaction is ob
served during the action of various types of ionizing radiation: 
x-rays and y-rays, fast neutrons, and high-energy protons C311. 
However, it does not follow from this that the induction of E .  c o l i  
K-12 ( A )  in the experiments on the spacecraft was connected with 
the effect of only one type of space irradiation in small doses. 
We have more reason to assume that this effect is caused by the 
combined action of vibration, acceleration, weightlessness, and 
ionizing radiation. The possibility that the dynamic flight factors 
sensitize the lysogenic culture in conjunction with the effect of 
space radiation (which is also the reason for the induction of 
bacteria at small doses) is not excluded. This assumption is sub
stantiated by laboratory investigations, in which it has been seen 
that vibrations can greatly increase the sensitivity of E .  c o l i  
K-12 ( A )  to the effect of ionizing radiation [32]. 

Thus, we have examined and analyzed the principal results of 

the airborne biological experiments conducted on Sputniks 2 to 5 

and "Vostok-lTTto "V0stok-6~~. 


On the basis of the experiments conducted on Sputniks 2 to 5, 

we have drawn a conclusion which has great practical significance: 

space flight does not have a disadvantageous biological effect on 

animal organisms. In fact, the "permit" for the first manned or

bital flight was granted on the basis of these data. It is very 

obvious that this conclusion should be considered as valid only 

for concrete conditions in the experiments conducted, from the 

point of view of the flight duration, the altitude, and other or

bital parameters. 


The completion of the outlined program for the biological 

examinations provided for obtaining new data characterizing the 

factors of space flight, and space as a source of harmful hereditary 

changes for a number of biological materials. The first attempts 

have been made to solve the exceptionally interesting and practical

ly important problem of protecting the hereditary structures from 

the injurious effect of a combination of flight factors, with the 

aid of pharmacochemical media. 
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We can see from these data that this is the beginning of a 
study on the biological effect of space-flight factors, the first 
steps in examining weightlessness, space radiation, and the effect 
of a combination of flight factors. The results of the biological 
experiments on the spacecraft showed that a state of weightlessness, / 8 0  
continued for five days, is not reflected negatively in .the life 

activity of various organisms. Moreover, the manned flights on 

these craft showed that man's coordination and orientation in space 

do not suffer under conditions of weightlessness. However, these 

experiments do not answer the question of whether or not a long 

period spent in a state of weightlessness can change the functional 

state of an organism to such a degree that return to the conditions 

of a normal gravitational field (for man) constitutes an acceler

ation. 


Moreover, we must consider that the Earth's gravitational 

field obviously has a definite effect on the physiology of cellular 

and subcellular structures, on the shape-development, and on embryo-

genesis. A number of factors obtained in the flight experiments 

indicate that the state of weightlessness can cause certain dis

orders in the mechanism of mitosis. Subsequently, we can consider 

that a long absence from the effect of the force of gravity can 

change these processes substantially, causing disorders in the 

balance of the ecological system. If these assumptions are con

firmed, it will be necessary to solve the problem of the elimination 

of weightlessness by producing artificial gravity in the craft. 

To what degree this is necessary, and what values of artificial 

gravity should be recommended for man and various representatives 

of the ecological system: all this requires an experimental solu

tion. 


Solution of radiobiological problems has exceptional signifi

cance. Some of the principal problems are: examining the relative 

biological effectiveness of individual components, studying the 

genetic effects of radiation, examining the combined effect of 

ionizing radiation and other flight factors on an organism, and 

developing ways to ensure the safety of the crew members and the 

entire bio-complex of the craft. 


It is quite obvious that in order to answer these questions, 

and in order to solve the essential biological problems which have 

important significance for the use of future space flights, we must 

collect and analyze more experimental facts. In this case, we 

should keep in mind that the biological studies should be designed 

with possibly more complete consideration of the physical features 

for a unique medium (space) and that the progress of physical 

studies in space is an important prerequisite for the successful 

development of the principal trends in space biology. 
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ELECTROENCEPHALOGRAPHIC STUDIES I N  SPACE MEDICINE 

O.G. Gazenko, V . S .  G u r f i n k e l ' ,  a n d  V . B .  Malkin 

ABSTRACT: The e Z e c t r o e n c e p h a l o g r a p h i c  method 
( E E G )  i s  examined i n  r e l a t i o n  t o  t h e  t a s k s  o f  
space  m e d i c i n e .  I t  i s  shown t h a t  t h e  EEG can  be 
used  s u c c e s s f u l l y  f o r  s e l e c t i n g  a s t r o n a u t s ,  i n  
t h e  s y s t e m  of m e d i c a l  c o n t r o l  d u r i n g  t h e  p r e 
f l i g h t  p r e p a r a t i o n  p e r i o d ,  and d u r i n g  space  
f l i g h t .  The EEG p r o v i d e s  an o b j e c t i v e  d e t e r 
m i n a t i o n  o f  an a s t r o n a u t ' s  l e v e l  of s l e e p  and 
w a k e f u l n e s s ,  and t h e  s t a t e  of h i s  work ing  
c a p a c i t y .  

It has already been said often enough in the literature that, 	 /83-
just as an analysis of the problems of communication and control 
became an important problem during the energetic development of 
XIXth-century technology, the center of interest for studies in 
physiology is also gradually moving toward an analysis of the in
formational and control processes. Such a shift in interest not 
only provides for developing this difficult but extremely important 
area of physiology, but a l s o  has shown a substantial effect on the 
development of traditional areas in physiology. One proof of such 
an effect can be seen in the fact that physiologists are concen
trating more and more on the complex study of an organism in all 
the forms and appearances of its life activity, which are found in 
its active interaction with the surrounding medium and in its active 
reaction to events of the world around it. 

The activity states of a human organism became of great inter

est mainly after the First World War, and this interest was marked 

by the development of a new area in physiology: the physiology of 

labor, and, in particular, of aviational labor. The beginning 

studies in this area nevertheless showed traces of the preceding 

stage, with predominant attention to the problems of energy and 

metabolism. 


The pr0gres.s of science and technology, and the change in the 

character of human labor activity, particularly in the range of 

special types of labor, reconfirm the value of a complex study of 

man in the process of various types of his activity. This is par

ticularly apparent in relation to the studies concerning the con

quest of outer space. 


In this article, we will concentrate on the practical aspects 
of using the electroencephalograph ( E E G )  for evaluating the func
tional state of an astronaut's central nervous system. We will be 
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speak2ng about varying situations in which an astronaut finds h im
self, both in the process of preparing for a flight, and under 
conditions of space flight. The use of electroencephalography, 
under the conditions of space flight and also during an imitation 
of various factors on the Earth, forces us to diverge from the 
traditional clinical and physiological methods for EEG studies, 
for which an artificial sensbry exhaustion is characteristic (pro
duced by a decrease in exposure, sound insulation, and by a passive 
position during the observation time). Therefore, it is essential 
that the characteristics of normal electroencephalograms and their 
classification should be examined in relation to new study conditions. 

Thus, for example, in the process of selecti'ng subjects, we /84 
can examine their pronounced orientation reaction when they are in 
a circumstance which is unusual'for them. The dynamics of this 
reaction can be recorded objectively by the depression of the a-
rhythm and its recovery. This test in itself has expert value, 
since it characterizes the functional state of the central nervous 
system, and principally the emotional reactivity of the subject. 

For a more complete characteristic of the orientating reaction, 

we can use various external stimuli (light, sound, etc.). In this 

examination, we can find those whose orientating reaction does not 

die out for a long period of time; this is obviously an objective 

indication of emotional instability. 


After the orientating reaction dies out, a stable EEG picture, 

is usually established, which characteristic for the given individ

ual and can be evaluated qualitatively (on the basis of generally-

accepted criteria) as well as quantitatively. 


A quantitative analysis of the EEG, with the aid of spectrum 

analyzers and integrators, shows that, for one and the same subject 

under various conditions, the energy distribution in various parts 

of the EEG spectrum is relatively constant, and varies by 10-15% in 

all. On the basis of this, we can assume that the EEG is an im

portant element of man's physio1,ogical characteristics, and can be 

used in combination with other indicators to determine the changes 

in the subject's behavior under various flight conditions. 


During the EEG tests, hyperventilation, hypoxia, vibration, 

as well as angular and radial acceleration are usually applied si

multaneously by functional flights. 


Hyperventilation makes it possible to find those subjects who, 
during low hypocapnia (when the partial pressure of carbon dioxide 
in the alveolar air is still relatively high - 28-30 mm Hg), show 
a definite dominance of slow oscillations with high amplitude in -
the EEG, along with simultaneous disorders corresponding to the 
activity of the central nervous system (hypocapnic spasms, eye 
troubles such as blurred vision and black-out, and l o s s  of con
sciousness). In individual cases, there are observed exophthalmus, 
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sharp dyspnea, disorders in the nervous activity, etc. Thus, we 

can find those subjects whose EEG has a normal background, but who 

are unusually sensitive to hypocapnia. 


Changes in the bioelectric activity of the brain during severe 

oxygen deficiency were studied in more detail. The studies of Davis, 

Davis and Thompson, Gibbs, Gibbs and Lenox, Shtrukhgol'd, Baygel, 

Palme and Harshtik, Shchpil'berg, Malkin, and others showed that, / 8 5  
with development of severe hypoxemic hypoxia, there are orbit changes-
in the EEG which reflect the degree of the hypoxic condition. In 
this case, there are usually 3 or 4 orbits: an orbit wLth activation 
of high-rate vibrations (B-rhythm) coinciding in time with a develop
ment of compensator reactions on the part of the cardiovascular and 
respiratory systems; an orbit with activation of the a-rhythm, 
which also occurs even against a background of relatively low work
ing capacity; and an orbit with predominance of slow oscillations 
in the EEG, having two stages: appearance or increase of single 

and short groups of 5 - to 7-Hz vibrations of increased amplitude, 
accompanied by the appearance of the first clinically-expressed 
warnings of a lowering of the working capacity (disorganization in 
the handwriting, increase in the latent periods of motor reactions, 
lowering of the intellectual level, etc.), and a second stage with 
predominance of waves of the A-rhythm with high amplitude, with 
simultaneous appearance of a practically complete l o s s  in the work
ing capacity and the appearance of gross disorders in the nervous 
activity (clonic spasms in the muscles of the writing hand, loss 
of the ability to write, and varying degrees of consciousness, in
cluding complete loss of consciousness). The picture of the changes 
in the EEG given above is typical for the development of the so-
called altitude syncope. 

However, as the studies conducted at relatively low altitudes 
( 5 0 0 0 - 6 0 0 0  m) on healthy average subjects during the development 
of a hypoxic state, there can be a decrease in the voltage of the 
bioelectric potentials, with predominance in some cases of low-
voltage, high-rate vibrations, i.e. there is a pronounced desynchro
nization, probably caused by an increase in the excitability of the 
trunk structures (reticular formation). In this case, the clinical 
picture of the hypoxic state for the examinees develops with clear 
appearances of trunk symptomatology: hyperhydrosis, sharp changes 
in the blood-circulation for vessels in the face, bradycardia, 
nausea, and sometimes vomiting. We should mention that, against 
the background of a pronounced decrease in the voltage of the bio
logical currents, a retardation and shift of the posture i s  developed; 
the latent periods of arbitrary motor reactions increase, ?.e. a 
picture of retardation is developed, which many researchers link 
with an intensification of slow oscillations in the EEG, In cases 
when the condition of the subjects continues to worsen, they rapidly 
lose an active position. 

Thus, for a lowered resistance to hypoxia, there are two dif

ferent pictures of changes in the EEG obviously linked with 
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different mechanisms for the effect of oxygen deficiency on the 

central nervous system. In the first case, with a gradual and 

increasing shift in the EEG toward low rates, and the clear appear

ance of a predominant slow rhythm, the oxygen deficiency has 


/ 8 6primarily an oppressing effect on the cere'bral cortex. In this -
case, regulation of the vegetative functions is fixed for a long 
period of time. In the second case, the effect of hypoxia dominates 
over the reticular formation of the trunk and the mid-brain; in 
this connection, there are pronounced vegetative disorders, and 
signs of desynchronization (caused by the activating effect of the 
reticular formation on the cortex) in the EEG for a long period of 
time. We should keep in mind that many exogenic factors, causing 
the subject's stress reaction while the hypoxia test is being con
ducted, can produce such a character in the reactions. Therefore, 
a definitely negative judgement should be given only for those 
cases when the decreased resistance to hypoxia occurs in a situation 
which completely excludes a previous effect of substantial value 
for the stress-factors, or in those cases when repeated examinations 
show decreased resistance each time. 

Thus, EEG studies using hypoxic and hypocapnic tests can have 

substantial value for definite evaluation in selecting astronauts 

and in their training. 


It is well known that astronauts are subjected to effects of 
various types of mechanical energy during training: increased 
gravitation (in training on centrifuges), and vibrations on special 
vibration-stands. They are also subjected to the effect of angular 
accelerations which have varying direction. In these cases, the 
EEG plays a substantial role in the examinations. This is caused 
by the fact that the evaluation of the functional state for the 
central nervous system during the events mentioned above is based 
to a large degree on the data of the EEG. The EEG data can be 
used in two ways: on one hand, as an indicator of the subject's 
resistance to one or another functional stress, and his ability 
to adapt to it during the training process; on the other hand, the 
accurate representation of the reactions of the brain's bioelectric 
activity to the isolated effect of separate dynamic flight factors 
permits pinpointing the changes which are linked with cei-tain fac
tors under the conditions of a real flight, by a suitable comparison 
of data. Hence, it is of great interest to examine the dynamics 
of the changes in the subject's bioelectric brain activity during 
the effect of radial accelerations directed perpendicular to the 
lengthwise axis of the subject's body. The studies of A.R. Koto
vskaya, P.M. Suvorov et al., A.S. Barer, and others have shown 
that transverse accelerations cause regular changes in the brain's / 8 7  
bioelectric activity, which can be divided conditionally into three 

orbits. In the first orbit, the character of the EEG does not 

change substantially, and there is only a certain intensification 

of the 5-rhythm with a weakening of the clarity of the a-rhythm.

As the acceleration increases, this orbit turns into the next: 

there is activation of the a-rhythm, which becomes pronounced, not 


8 7  



o n l y  when t h e  e y e s  a r e  c l o s e d ,  b u t  a l s o  when t h e y  a r e  o p e n ,  

I n  t h e  t h i r d  o r b i t ,  t h e r e  i s  a w e a k e n i n g  o f  t h e  a- a n d  $ - r h y t h m ,  
a n d  s l o w  o s c i l l a t i o n s  w i t h  a h i g h  a m p l i t u d e  g r a d u a l l y  b e g i n  t o  
d o m i n a t e  t h e  EEG. I n  t h i s  c a s e ,  when t h e  a c t i o n  o f  t h e  a c c e l e r a 
t i o n s  i s  c o n t i n u e d ,  many e x a m i n e e s  had  e y e  t r o u b l e s  ( b l u r r e d  v i s i o n  
a n d  b l a c k - o u t ) ,  a n d  t h e r e  w e r e  e v e n  g r e a t e r  c h a n g e s  i n  t h e  a c t i v i t y  
o f  t h e  c e n t r a l  n e r v o u s  s y s t e m .  I t  i s  i m p o r t a n t  t o  n o t e  t h a t  t h e  
c h a n g e s  i n  t h e  EEG d u r i n g  a c c e l e r a t i o n  a t  a c e r t a i n  i n t e n s i t y  a r e  
n o t  F d e n t i c a l  f o r  v a r i o u s  p e o p l e ,  a n d  t h e y  l a r g e l y  a g r e e  w i t h  t h e  
e x a m i n e e ' s  i n d i v i d u ' a l  r e s i s t a n c e .  Thi ls ,  t h e  EEG i s  o n e  o b j e c t i v e  
c r i t e r i o n  f o r  d e t e r m i n i n g  a p e r s o n ' s  e n d u r a n c e  t o  r a d i a l  a c c e l e r a 
t i o n s .  

I t  i s  r e m a r k a b l e  t h a t  t h e  a b o v e - m e n t i o n e d  o r b i t s  for t h e  
c h a n g e s  i n  t h e  b r a i n ' s  b i o e l e c t r i c  a c t i v i t y  d u r i n g  t h e  e f f e c t  o f  
t r a n s v e r s e  a c c e l e r a t i o n s  e s s e n t i a l l y  c o i n c i d e  w i t h  t h e  d y n a m i c s  o f  
t h e  c h a n g e s  i n  t h e  EEG d u r i n g  t h e  e f f e c t  o f  a c c e l e r a t i o n s  wh ich  
h a v e  t h e  d i r e c t i o n ,  " h e a d - p e l v i s " .  The o n l y  d i f f e r e n c e  i s  t h a t  
t h e  s e c o n d  a n d  t h i r d  o r b i t s  f o r  t h e  c h a n g e s  i n  t h e  b i o e l e c t r i c  
a c t i v i t y  d u r i n g  t h e  e f f e c t  o f  t r a n s v e r s e  a c c e l e r a t i o n s  o c c u r  a t  
g r e a t e r  s t r e s s  v a l u e s  t h a n  d u r i n g  a c c e l e r a t i o n  i n  t h e  d i r e c t i o n ,
''he a d - p e  l v i  s . 

Along  w i t h  t h e  e f f e c t  o f  g e n e r a l  v e r t i c a l  v i b r a t i o n s ,  t h e r e  
a r e  a l s o  d e f i n i t e  c h a n g e s  i n  t h e  EEG w h i c h  d e p e n d  on  t h e  r a t e  a n d  
a m p l i t u d e  p a r a m e t e r s  o f  t h e  v i b r a t i o n  a s  w e l l  as  on  t h e  l e n g t h  o f  
i t s  a c t i o n .  T h u s ,  a c c o r d i n g  t o  t h e  d a t a  o f  I .  Y a .  B o r s h c h e v s k i y ,  , 
M . D .  Y e m e l ' y a n o v ,  A . A .  K o r e s h k o v ,  V.G. T e r e n t ' y e v ,  a n d  o t h e r s ,  f o r  
t h e  a c t i o n  o f  v i b r a t i o n s  w i t h  a r a t e  o f  1 0 - 4 0  H z  i n  t h e  c a s e s  when 
t h e  a m p l i t l i d e  d o e s  n o t  r e a c h  1 m m ,  t h e r e  a r e  no  s i g n i f i c a n t  c h a n g e s  
n o t e d  i n  t h e  EEG; o n l y  when t h e  t i m e  o f  t h e  e f f e c t  i s  i n c r e a s e d  up  
t o  3 - 4  h o u r s  c a n  we o b s e r v e  a c l e a r  a c t i v a t i o n  o f  t h e  6 - r h y t h m  a n d  
a w e a k e n i n g  o f  t h e  a - r h y t h m .  

For t h e  e f f e c t  o f  v i b r a t i o n s  w i t h  a r a t e  o f  1 0 - 4 0  H z  a n d  a m 
p l i t u d e s  of 1 . G  m m ,  5 0  H z  a n d  1 . 2  m m ,  6 0  H z  a n d  0 . 8  m m ,  7 0  H z  a n d  
0 . 6  m m ,  a n d  p a r t i c u l a r l y  f o r  t h e  e f f e c t  o f  a v i b r a t i o n  w i t h  a r a t e  
o f  10 H z  and. a n  a m p l i t u d e  o f  2 m m  a n d  m o r e ,  t h e r e  a r e  o r b i t  c h a n g e s  
i n  t h e  EEG w h i c h  a r e  s i m i l a r  t o  t h e  c h a n g e s  d e s c r i b e d  a b o v e  f o r  t h e  
a c t i o n  o f  t r a n s v e r s e  s t r e s s e s  o f  h i g h  v a l u e ;  i . e .  a f t e r  t h e  f i r s t  
o r b i t  - a c t i v a t i o n  o f  t h e  @ - r h y t h m  - t h e  s l o w  o s c i l l a t i o n s  g r a d u a l l y  

/ 8 8b e g i n  t o  p r e v a i l  on  t h e  EEG, a n d  r e t a r d a t i o n  a p p e a r s  more  s h a r p l y  
f n  t h e  c o n d u c t  o f  t h e  s u b j e c t .  

I n  c o i n p a r i n g  t h e  r e s u l t s  o f  t h e  e l e c t r o e n c e p h a l o g r a p h i c  s t u d 
i e s ,  o b t a i n e d  d u r i n g  t h e  a c t i o n  o f  v a r i o u s  f a c t o r s  ( s e v e r e  oxygen  
d e f i c i e n c y ,  s t ~ e s s ,v i b r a t i o n ,  e t c . )  or, t h e  human o r g a n i s m ,  t h e r e  
i s  n o t e d  a d e f i n i t e  s i m i l a r i t y  i n  t h e  c h a n g e s .  I t  i s  r e m a r k a b l e  
t h a t  t h e s e  g e n e r a l  EEG c h a n g e s ,  c h a r a c t e r i s t i c  o f  t h e  e f f e c t  o f  
v a r i o u s  f a c t o r s ,  a r e  s o  c l e a r  t h a t  i t  i s  much e a s i e r  t o  d i s c o v e r  
them t h a n  t o  f i n d  s p e c i f i c  c h a n g e s  o c c u r r i n g  a s  t h e  r e s u l t  o f  
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d e f i n i t e  s t i m u l i .  W e  s h o u l d  also n o t e  h e r e  t h a t  t h e  s e p a r a t e  
o r b i t s  o f  t h e  g e n e r a l  c h a n g e s  a r e  e x p r e s s e d  d i f f e r e n t l y  f o r  t h e  
i s o l a t e d  e f f e c t  o f  f a c t o r s .  T h u s ,  f o r  e x a m p l e ,  i n  t h e  case o f  p r o 
n o u n c e d  h y p o x i a ,  t h e  o r b i t  w i t h  a c t i v a t i o n  o f  t h e  b e t a - r h y t h m  i s  
e i t h e r  r e p e a t e d  or, i n  some c a s e s ,  i s  n o t  f o u n d ;  w h i l e ,  i n  t h e  
a c t i o n  of  a c c e l e r a t i o n  a n d  v i b r a t i o n  of  r a t h e r  l ow v a l u e ,  t h i s  
o r b i t  i s  d o m i n a n t .  

As w e  h a v e  a l r e a d y  n o t e d ,  t h e  s p e c i f i c  c h a n g e s  a s  a r e s u l t  o f  
a c e r t a i n  f a c t o r  ( a c c e l e r a t i o n ,  h y p o x i a ,  e t c . )  a s  a r u l e  a r e  f o u n d  
w i t h  much more  d i f f i c u l t y ,  w h i c h  p r o b a b l y  d e p e n d s  somewhat  o n  t h e  
s t u d y  m e t h o d .  We h a v e  r e a s o n s  t o  Bssume t h a t  a n  i n c r e a s e  i n  t h e  
number o f  m o n o p o l a r  i n t e r v a l s ,  a n d  t h e  u s e  o f  v a r i o u s  s t i m u l i  
( s o u n d ,  l i g h t ,  e t c . )  f o r  o b t a i n i n g  t h e  p o t e n t i a l s  i m p o s e d ,  i n  com
b i n a t i o n  w i t h  t h e  c o h e r e n t  me thod  o f  EEG a n a l y s i s ,  p r o v i d e  f o r  
g r e a t l y  e x p a n d i n g  our k n o w l e d g e  on  t h e  s p e c i f i c  c h a n g e  i n  t h e  EEG 
f o r  a d e f i n i t e  t y p e  o f  e f f e c t .  

S t u d i e s  i n  w h i c h  t h e  mechan i sm o f  t h e  o r b i t  c h a n g e s  i n  t h e  EEG 
h a s  b e e n  e x a m i n e d  a r e  o f  p a r t i c u l a r  i n t e r e s t .  A t  t h e  p r e s e n t  t i m e ,  
w e  know o f  t h r e e  p r i n c i p a l  m e t h o d s  f o r  e x p e r i m e n t a l  e x a m i n a t i o n .  

(1) A s i m u l t a n e o u s  r e c o r d i n g  o f  t h e  b i o e l e c t r i c  a c t i v i t y  f o r  
t h e  c o r t e x  a n d  t h e  s u b c o r t i c a l  f o r m a t i o n s ,  a l o n g  w i t h  a d e t e r m i n a t i o n  
o f  t h e  s e q u e n c e  f o r  t h e  d e v e l o p m e n t  o f  t h e  c h a n g e s  i n  v a r i o u s  a n a 
t o m i c a l  s t r u c t u r e s  a n d  their c o m p a r i s o n  w i t h  t h e  m o t o r  a n d  v e g e t a 
t i v e  c h a n g e s  a n d  t h e  d e v e l o p m e n t  o f  c e r t a i n  f o r m s  o f  d i s o r d e r s  i n  
t h e  a c t i v i t y  o f  t h e  c e n t r a l  n e r v o u s  s y s t e m .  

( 2 )  A d e t e r m i n a t i o n  o f  t h e  v a l u e  f o r  t h e  i n t e r c e n t r a l  r e l a 
t i o n s h i p s ,  i n v o l v i n g  s t u d i e s  i n  w h i c h  t h e  r e m o v a l  or i s o l a t i o n  o f  
i n d i v i d u a l  s t r u c t u r e s  o f  t h e  c e r e b r u m  i s  a c h i e v e d  by c u t t i n g  t h e  
c e r e b r u m  a t  d i f f e r e n t  l e v e l s .  

( 3 )  S t u d i e s  i n  w h i c h  a t t e m p t s  a r e  made t o  compare  t h e  a c t i v 
i t y  o f  c e r t a i n  f o r m a t i o n s  i n  t h e  c e n t r a l  n e r v o u s  s y s t e m  w i t h  t h e  
a c t i v i t y  o f  s e p a r a t e  c e l l u l a r  e l e m e n t s  w h i c h  c o m p r i s e  t h e s e  f o r 
m a t i o n s .  

I n  t h e  s t u d i e s  i n  w h i c h ,  d u r i n g  t h e  e f f e c t .  o f  a c c e l e r a t i o n s  
a n d  h y p o x i a  on  a n i m a l s ,  t h e r e  w a s  s i m u l t a n e o u s  r e c o r d i n g  o f  t h e  
E E G  f o r  t h e  m o t o r  c o r t e x  o f  t h e  c e r e b r u m ,  h i p p o c a m p u s ,  r e t i c u l a r  
f o r m a t i o n  o f  t h e  m i d - b r a i n ,  a n d  h y p o t h a l a m u s ,  i t  w a s  d i s c o v e r e d  
t h a t  o r b i t  c h a n g e s  e x i s t  f o r  a l l  t h e  a b o v e - m e n t i o n e d  f o r m a t i o n s .  
I n  t h i s  c a s e ,  i t  w a s  shown t h a t ,  d u r i n g  a c c e l e r a t i o n ,  t h e  c h a n g e s  
i n  t h e  e l e c t r i c  a c t i v i t y  o f  t h e  r e t i c u l a r  f o r m a t i o n  i n  a number  o f  
c a s e s  somewhat  p r e c e d e  s i m i l a r  c h a n g e s  i n  o t h e r  r e g i o n s  o f  t h e  
b r a i n .  

Some u n e x p e c t e d  r e s u l t s  ( f r o m  a t h e o r e t i c a l  p o i n t  o f  v i e w )  
w e r e  o b t a i n e d  i n  e x p e r i m e n t s  w i t h  a n i m a l s  d e v e l o p i n g  s e v e r e  h y p o x i c  
c o n d i t i o n s  w h i c h  l e d  t o  c o m p l e t e  e l i m i n a t i o n  o f  t h e  b i o e l e c t r i c  

89 




a c t i v i t y  f o r  t h e  c o r t e x ,  t h e  r e t i c u l a r  f o r m a t i o n  o f  t h e  b r a i n ,  t h e  
m i d - b r a i n ,  a n d  t h e  h y p o t h a l m u s .  

D u r i n g  t h e  d e v e l o p m e n t  o f  s e r i o u s  h y p o x i c  c o n d i t i o n s ,  i n  t h e  
c a s e s  o f  s p o n t a n e o u s  r e c o v e r y  o f  r e s p i r a t i o n ,  i t  w a s  d i s c o v e r e d  
t h a t  t h e  r e c o v e r y  o f  t h e  b i o e l e c t r i c  a c t i v i t y  for t h e  b r a i n ,  a s  a 
r u l e ,  b e g i n s  w i t h  t h e  c e r e b r a l  c o r t e x ,  a f t e r  w h i c h  r e c o v e r y  b e g i n s  
i n  t h e  h i p p o c a m p u s  a n d  s u b c o r t i c a l  f o r m a t i o n s  ( V . B .  M a l k i n ,  G . V .  
I z o s i m o v ,  A . N .  R a z u m e y e v ) .  

T h e s e  r e s u l t s  a r e  of i n t e r e s t  i n  t h a t  t h e y  a r e  i n  d e f i n i t e  
o p p o s i t i o n  t o  t h e  g e n e r a l  c o n c e p t s  d e v e l o p e d  b y  J a c k s o n  e t  al., 
L . A .  O r b e l i ,  V . V .  S t r e l ’ t s o v ,  and o t h e r s ,  who m a i n t a i n  t h a t  t h e  
m e c h a n i s m s  o f  t h e  e f f e c t  o f  h y p o x i a  a n d  c e r t a i n  o t h e r  f a c t o r s  on  
t h e  c e n t r a l  n e r v o u s  s y s t e m  i s  b a s e d  o n  a l a m i n a r  d i s c o n n e c t i o n  o f  
t h e  c e r e b r a l  s t r u c t u r e s ,  r u n n i n g  f r o m  t o p  t o  b o t t o m .  

The r e s u l t s  o f  s t u d i e s  i n  w h i c h  t h e  c e r e b r u m  w a s  c u t  a t  v a r y i n g  
l e v e l s  a n d  t h e  m o s t  i m p o r t a n t  i n t r o c e p t i v e  r e f l e x o g e n i c  z o n e s  were  
d i s c o n n e c t e d ,  p r o v i d e  a d e f i n i t e  c o n c e p t  o f  t h e  mechanism o f  t h e  
f o r m a t i o n  o f  o r b i t  c h a n g e s  i n  t h e  E E G .  The s t u d i e s  of Dale a n d  
B o n v a l  e s t a b l i s h e d  t h a t  t h e  d e n e r v a t i o n  o f  t h e  s i n o c a r o t i d  r e g i o n ,  
l i k e  t h e  a n a t o m i c a l  s e p a r a t i o n  o f  t h e  r e t i c u l a r  f o r m a t i o n  f r o m  t h e  
c e r e b r a l  c o r t e x ,  r e s u l t s  i n  e l e i m i n a t i o n  o f  t h e  f i r s t  Z h a s e  ( a c t i v a 
t i o n  o f  t h e  8 - r h y t h m  d u r i n g  t h e  d e v e l o p m e n t  o f  a h y p o x i c  c o n d i t i o n  
i n  a n  a n i m a l ) .  T h i s  g a v e  u s  a b a s i s  o n  w h i c h  we c o u l d  a s s u m e  t h a t  
t h e  f i r s t  o r b i t  i s  c a u s e d  b y  s t i m u l a t i o n  o f  t h e  c e r e b r a l  c o r t e x  
t h r o u g h  t h e  r e t i c u l a r  f o r m a t i o n ,  whose f u n c t i o n a l  c o n d i t i o n  i s  
c h a n g e d  m a i n l y  i n  r e l a t i o n  t o  t h e  a p p e a r a n c e  o f  t h e  c o r r e s p o n d i n g  
a f f e r e n t a t i o n .  The d a t a  p r e s e n t e d  a b o v e  w e r e  c o n f i r m e d  i n  s t u d i e s  
by S o v i e t  r e s e a r c h e r s ;  i n  t h i s  c a s e ,  i t  was f o u n d  i n  e x a m i n i n g  
i s o l a t e d  s t r i a  o f  t h e  c e r e b r a l  c o r t e x  t h a . t ,  d e s p i t e  t h e  e l i m i n a t i o n  
o f  t h e  u s u a l  i n t e r c e n t r a l  r e l a t i o n s h i p s  i n  t h e  e a r l y  o r b i t  of hypox
i a ,  i n  w h i c h  t h e r e  i s  a c t i v a t i o i i  o f  t h e  8 - r h y t h m  i n  t h e  i n t a c t  
h e m i s p h e r e ,  t h e  i s o l a t e d  s t r i a  show a n  i n c r e a s e  i n  t h e  number a n d  
a m p l i t u d e  o f  d i s c h a r g e s .  s i m u l t a n e o u s l y  w i t h  a d e c r e a s e  i n  t h e  l i m i t  
f o r  a d i r e c t  e v o c a t i o n  o f  a c o r t i c a l  r e s p o n s e  d u r i n g  a n  e l e c t r i c a l  
d i s c h a r g e .  T h e s e  d a t a  i n d i c a t e  t h a t  d u r i n g  t h e  f i r s t  o r b i t  o f  t h e  
c h a n g e s  i n  t h e  E E G ,  t h e r e  i s  a l r e a d y  a n  i n t e g r a t e d  a c t i o n  f o r  hypox
i a  o f  t h e  c e r e b r a l  c 0 r t e . x :  a c t i v a t i o n  t h r o u g h  t h e  r e t i c u l a r  f o r m a 

/ g ot i o n  a n d  a d i r e c t  h u m o r a l  s t i m u l a t i n g  e f f e c t  (V.B. M a l k i n ,  N . M .  -
A s y a m o l o v a ,  e t  a l . ) .  

The s i m u l t a n e o u s  e x a m i n a t i o n s  o f  i n d i v i d u a l  n e u r o n s  a n d  o f  t h e  
i n t e g r a t e d  b i o e l e c t r i c  a c t i v i t y  a r e  v e r y  h e l p f u l  i n  s t u d y i n g  t h e  
m e c h a n i s m  o f  t h e  c h a n g e s  w h i c h  d e t e r m i n e  t h e  p i c t u r e  o f  t h e  p h a s e  
c h a n g e s  i n  t h e  E E G .  I n  t h i s  way,  t h e  w e l l - k n o w n  s t u d i e s  o f  J a s p a r  
a n d  Lee a n d  K r a y t s b e r g  e t  a l .  a r e  o f  g r e a t  i n t e r e s t .  They m a i n t a i n  
t h a t ,  d u r i n g  t h e  p r o c e s s  o f  t h e  d e v e l o p m e n t  o f  a h y p o x i c  c o n d i t i o n ,  
t h e r e  i s  a n  i n c r e a s e  i n  t h e  f r e q u e n c y  o f  i m p u l s e  a c t i v i t y  f o r  t h e  
c o r t i c a l  n e u r o n s  i n  t h e  b e g i n n i n g ,  a n d  t h e n  a g r a d u a l  d e p r e s s i o n  o f  
t h e i r  a c t i v i t y .  I n  many c a s e s ,  t h i s  c a n  b e  s t o p p e d  c o m p l e t e l y ,  a n d  
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i t  s o m e t i m e s  d o e s  n o t  o c c u r  e v e n  a f t e r  a n  a n i m a l  i s  made t o  b r e a t h e  
p u r e  o x y g e n .  N a t u r a l l y ,  t h e  p e r i o d  f o r  a c t i v a t i o n  o f  t h e  c o r t i c a l  
n e u r o n s  i n  t h e  i n i t i a l  o r b i t  o f  t h e  d e v e l o p m e n t  o f  h y p o x i c  c o n d i 
t i o n s  c o i n c i d e s  i n  t i m e  w i t h  t h e  a p p e a r a n c e  o f  a c t i v a t i o n  f o r  t h e  
6 - r h y t h m  on t h e  E E G ,  w h i c h ,  o b v i o u s l y ,  c o u l d  b e  a good r e a s o n  f o r  
c o n c l u d i n g  t h a t  t h e r e  i s  a n a t u r a l  i n c r e a s e  i n  t h e  e x c i t a b i l i t y  o f  
t h e  c o r t i c a l  n e u r o n s  d u r i n g  t h i s  o r b i t .  A t  t h e  same t i m e ,  t h e  
o p p r e s s i o n  o f  t h e  a c t i v i t y  f o r  t h e  n e u r o n s  d u r i n g  t h e  p e r i o d  o f  t h e  
d e v e l o p m e n t  o f  s l o w  o s c i l l a t i o n s  on  t h e  E E G  i n d i c a t e s  t h a t  t h i s  
o r b i t  i s  c a u s e d  by a d e f i n i t e  d e c r e a s e  i n  t h e  a c t i v i t y  o f  t h e  c o r 
t i c a l  n e u r o n s .  The s t u d i e s  m e n t i o n e d  a b o v e  w e r e  c o n d u c t e d  m a i n l y  
on a m o d e l  s u c h  a s  h y p o x i a .  However ,  t h e  f a c t  t h a t  t h e  o r b i t  
c h a n g e s  i n  t h e  EEG a r e  n o t  s t r i c t l y  s p e c i f i c  f o r  h y p o x i a  g i v e s  u s  
t h e  b a s i s  on w h i c h  w e  c a n  a s s u m e  t h a t  t h e  c h a n g e s  i n  t h e  EEG o c 
c u r r i n g  for o t h e r  e f f e c t s  ( s t r e s s ,  v i b r a t i o n ,  e t c . )  h a v e  s i m i l a r  
m e c h a n i s m s .  

A c t u a l l y ,  a s  t h e  s t u d i e s  by O . G .  G a z e n k o ,  B . B .  Y e g o r o v ,  a n d  
A . N .  L i m a n s k i y  s h o w ,  b y  t h e  e f f e c t  o f  a c c e l e r a t i o n s ,  t h e r e  i s  n o t e d  
a t  f i r s t  a n  i n c r e a s e  i n  t h e  i m p u l s e  a c t i v i t y  �or t h e  n e u r o n s  o f  
t h e  r e t i c u l a r  f o r m a t i o n  o f  t h e  b r a i n  s t e m .  I n  t h i s  c a s e ,  when t h e  
a c t i v i t i e s  o f  s e v e r a l  n e u r o n s  a r e  r e c c r d e d  s i m u l t a n e o u s l y ,  i t  i s  
n o t e d  t h a t  t h e  a s y n c h r o n i c  f o r m  f o r  t h e  a c t i v i t y  o f  t h e  r e t i c u l a r  
n e u t r o n s  i s  p r e s e r v e d  d u r i n g  t h e  i n i t i a l  o r b l i t  o f  t h e  e f f e c t  o f  
s t r e s s .  S u b s e q u e n t l y ,  when t h e  e f f e c t  o f  a c c e l e r a t i o n s  w i t h  l a r g e  
v a l u e s  i s  c o n t i n u e d ,  t h e r e  i s  a g r o u p i n g  o f  t h e  n e u r o n  i m p u l s e s  
i n t o  s e p a r a t e  v o l l e y s ,  b e t w e e n  w h i c h  t h e r e  a r e  p e r i o d s  o f  q u i e t .  
The q u i e t  p e r i o d s  g r a d u a l l y  become l o n g e r ,  a n d  t h e  v o l l e y s  become 
s h o r t e r .  I n  a number o f  c a s e s ,  i t  w a s  f o u n d  t h a t  t h e r e  w a s  s y n 
c h r o n i z a t i o n  o f  s e v e r a l  n e u r o n s .  T h e s e  c h a n g e s  i n  t h e  n e u r o n  ac 
t i v i t y  c o i n c i d e d  i n  t i m e  w i t h  t h e  p r e d o m i n a n c e  o f  s l o w  o s c i l l a t i o n s  
i n  t h e  i n t e g r a t e d  E E G .  D u r i n g  t h e  f o l l o w i n g  p e r i o d s ,  t h e  d e s c r i b e d  
c h a n g e s  i n  t h e  a c t i v i t y  o f  t h e  r e t i c u l a r  n e u r o n s  u n d e r w e n t  a n  
o p p o s i t e  d e v e l o p m e n t .  T h u s ,  t h e  d y n a m i c s  f o r  t h e  c h a n g e s  i n  t h e  
a c t i v i t y  o f  t h e  n e u r o n s  f o r  t h e  r e t i c u l a r  f o r m a t i o n  o f  t h e  b r a i n  
s t e m ,  a n d  t h e  E E G  d u r i n g  t h e  e f f e c t  o f  a c c e l e r a t i o n  a r e  e s s e n t i a l l y  
c l o s e  t o  t h e  d y n a m i c s  f o r  t h e  c h a n g e s  i n  t h e  a c t i v i t y  o f  t h e  c o r t i 
c a l  n e u r o n s  d u r i n g  t h e  p r o c e s s  o f  d e v e l o p m e n t  f o r  t h e  p h a s e  c h a n g e s  
i n  t h e  E E G  d u r i n g  h y p o x i a .  

N a t u r a l l y ,  t h i s  s t i l l - d i s c o n n e c t e d  i n f o r m a t i o n  s t i l l  c a n n o t  
d i s c l o s e  t h e  p r i n c i p a l  p h y s i o l o g i c a l  m e c h a n i s m s  c a u s i n g  t h e  p h a s e  191 
c h a n g e s  i n  t h e  E E G .  A g r e a t  d e a l  o f  work r e m a i n s  t o  b e  d o n e  i n  
t h i s  f i e l d .  From a p r a c t i c a l  p o i n t  o f  v i e w ,  t h e  p l r e s e n c e  o f  p h a s e  
c h a n g e s  i n  t h e  E E G ,  a n d  t h e  r a t h e r  r e l i a b l e  c o r r e l a t i o n  o f  t h e s e  
c h a n g e s  w i t h  t h e  f u n c t i o n a l  c h a n g e s  i n  t h e  c e n t r a l  n e r v o u s  s y s t e m  
( d e t e r m i n i n g  t h e  s u b j e c t ' s  w o r k i n g  c a p a c i t y ) ,  p r o d u c e  t h e  p o s s i 
b i l i t y  f o r  u s i n g  t h e  E E G  a s  o n e  o f  t h e  m o s t  i n f o r m a t i v e  p a r a m e t e r s  
f o r  c o n s t r u c t i n g  t h e  s y s t e m s  o f  o b s e r v a t i o n  a n d  m e d i c a l  c o n t r o l  o f  
a s u b j e c t ' s  c o n d i t i o n  d u r i n g  s p a c e  f l i g h t ,  a n d  d u r i n g  o t h e r  e x t r e m e  
c o n d i t i o n s  i n  l i f e .  I n  t h i s  c a s e ,  i t  i s  e x p e d i e n t  t o  u s e  t h e  EEG 
i n  t h e  s y s t e m s  o f  a u t o m a t i c  o b s e r v a t i o n  a n d  s i g n a l j . n g .  The f i r s t  
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steps f o r  such a developm'ent are already being devised for an auto
matic sensor of the hypoxic condition. In contrast with the previ
ous designs by Prast and Noel, the program we have designed is 
based, not only on the indices of the EEG, but also on a calculation 
of the functional changes in the principal physiological systems: 
blood circulation and respiration. In relation to this, the depth 
of the hypoxic condition can be evaluated from several symptoms, 
i.e. on the basis of definite symptom-combinations. 

Finally, we will briefly discuss the results of electroenceph

alographical studies, conducted during the flights on the spacecraft 

of "Vostok" type. 


F o r  the first space flights, with the astronauts Gagarin and 
Titov, the electroencephalographic studies were conducted only be
fore and after the flight. The results of these studies did not 
reveal any substantial changes in the EEG after the orbital flights. 

Electroencephalographic studies during flight have just begun. 

Therefore, the results of these first observations have mainly 

methodological value. However, the information collected thus far 

indicates that a stable telemetric recording of the EEG can be ob

tained during flight. However, in order to guarantee a high relia

bility for such a recording, we need further studies of the design 

of a special system for attaching the electrodes, providing for 

keeping them in place for many days without substantial changes in 

the interelectrode resistance. The EEG recordings obtained during 

the flights of the spacecraft "Vostok-3" and. "Vostok-4'' have not 

revealed changes in the EEG which exceed the limits of the norm. 

However, a full-value extraction of useful information from electro

encephalographic recordings made during a space flight is possible 

only after a serious examination of the functional shifts in the 

EEG occurring in relation to the many factors which affect an astro

naut's organism simultaneously and sequentially. We are speaking 

about the shifts in the EEG which are caused by a task carried out 


/ 9 2during the flight, the program of work and rest, daily routines, -
emotional stress, etc. A clarification of the role of these fac
tors, by modeling them during the process of training the astronauts, 

will provide in the future for comparing the electroencephalographic 

recordings obtained during the flight and for significantly in

creasing the significance of the EEG as one of the most important 

parameters which characterize the state of the central nervous 

system. 


Speaking of the role of electroencephalographic studies in 

space medicine at the present, we must emphasize three principal 

aspects in which it is used. 


(1) In the selection and training process, it is a very im

portant indicator of the central nervous system's reaction to the 

effect of various functional tests, including those which imitate 

the effect of individual flight factors; 
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(2) It is a very important parameter in the symptom-complex, 

which determines the general condition of a subject during the 

development of severe pathological conditions (during the develop

ment of functional changes accompanied by a rapid increase of var

ious parameters beyond the limits for the physiological norm), in 

relation to which it must be used for automatic sensing (aboard 

the craft and at the ground observation stations) of changes in the 

astronaut's condition; 


(3) It can be used to determine the levels of wakefulness 
and sleep for the astronaut during various flight pei.iods. In 
this case, the electroencephalographic determination of the sleep 
o r b i t s  is particularly valuable, since it indicates the astronaut's 
condition in a situation when the possibilities of actual contact 
with the astronaut are ex.tremely limited. 
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HUMAN PHYSIOLOGICAL REACTIONS TO THE EFFECT OF ACCELERATION 

DURING SPACE FLIGHT1 


P . V .  V a s i l ' y e v  and  A . R .  K o t o v s k a y a  

ABSTRACT:  The r e s u Z t s  o f  exper imentaZ s t u d i e s ,  
o b t a i n e d  d u r i n g  ac tuaZ space  f Z i g h t s  and Zabo
r a t o r y  t e s t s  on t h e  e f f e c t  o f  t r a n s v e r s e  acceZ
e r a t i o n s  a r e  p r e s e n t e d  in t h i s  a r t i c Z e .  A compar
a t i v e  a n a Z y s i s  o f  t h e  r e a c t i o n s  f o r  t h e  a s t r o 
n a u t s  aboard t h e  "Vos tok"  and "Voskhod" i s  g i v e n
for t h e  e f f e c t  o f  a c c e Z e r a t i o n s  d u r i n g  a f Z i g h t  
and d u r i n g  r o t a t i o n  in a c e n t r i f u g e .  T h e  r e s u Z t s  
o f  examining  t h e  toZerance  t o  a c c e Z e r a t i o n s  a f t e r  
a Zong p e r i o d  o f  hypodynamia ( u n d e r  c o n d i t i o n s  
o f  s t r i c t  c o n f i n e m e n t ) ,  i m i t a t i n g  c e r t a i n  e f f e c t s  
o f  w e i g h t z e s s n e s s ,  a r e  p r e s e n t e d .  C e r t a i n  
methods f o r  i n c r e a s i n g  an o r g a n i s m ' s  y e s i s t a n c e  
t o  t h e  e f f e c t  o f  acce2era t ion . s  a r e  examined 
(phys i caZ  e x e r c i s e s ,  pharmacoZogicaZ methods ,  
a d a p t a t i o n  t o  h y p o x i a  under  t h e  c o n d i t i o n s  o f  
a p r e s s u r e  chamber o r  a h i g h  m o u n t a i n ) .  

M u l t i p l e  e x p e r i m e n t s  u n d e r  g r o u n d  c o n d i t i o n s ,  i n  r o c k e t s ,  a n d  / 9 3  
i n  a r t i f i c i a l  E a r t h  s a t e l l i t e s  h a v e  p r e s e n t e d  a n-um'ber o f  p r o b l e m s ,  
o f  w h i c h  t h e  q u e s t i o n s  o f  t h e  e f f e c t  o f  a c c e l e r a t i o n s  on  a n  o r g a n i s m  
o c c u r i n g  d u r i n g  s p a c e  f l i g h t  a r e  o f  g r e a t  i m p o r t a n c e .  

The p r o b l e m  o f  t h e  e f f e c t  o f  a c c e l e r a t i o n s  i n c l u d e s  a number  
o f  t a s k s ,  o f  wh ich  t h e  p r i n c i p a l  o n e s  a r e :  t h e  s t u d y  o f  t h e  e f f e c t  
o f  v a r i o u s  r e g i m e s  o f  a c c e l e r a t i o n  on human w o r k i n g  c a p a c i t y  a n d  
physiological'functions; t h e  e x a m i n a t i o n  o f  t h e  mechan i sms  f o r  t h e  
p h y s i o l o g i c a l  r e a c t i o n s  t o  t h e  e f f e c t  o f  a c c e l e r a t i o n s ;  t h e  i n v e s 
t i g a t i o n  o f  p h y s i o l o g i c a l  c r i t e r i a  f o r  e s t i m a t i n g  a n d  p r e d i c t i n g  t h e  
t o l e r a n c e  t o  a c c e l e r a t i o n s ;  t h e  d e t e r m i n a t i o n  o f  human r e s i s t a n c e  
t o  t h e  e f f e c t  o f  a c c e l e r a t i o n s  d u r i n g  t h e  p e r i o d  s u b s e q u e n t  t o  
w e i g h t l e s s n e s s  a n d  o t h e r  f l i g h t  f a c t o r s ;  t h e  e x a m i n a t i o n  o f  v a r i o u s  
s p e c i f i c  a n d  n o n - s p e c i f i c  m e t h o d s  a n d  means  f o r  i n c r e a s i n g  human 
r e s i s t a n c e  t o  t h e  e f f e c t  o f  a c c e l e r a t i o n s .  

The l e n g t h  o f  t i m e  s p e n t  u n d e r  c o n d i t i o n s  o f  w e i g h t l e s s n e s s ,  
t h e  r e g i m e s  o f  h y g i e n i c  p a r a m e t e r s ,  t h e  p a r t i c u l a r  f e a t u r e s  o f  
w o r k i n g  a c t i v i t y ,  a n d  many o t h e r  f a c t o r s  c a n  h a v e  a s u b s t a n t i a l  
e f f e c t  on t h e  i n d i v i d u a l  r e s i s t a n c e  o f  man t o  a c c e l e r a t i o n s .  T h e r e - /94 

. .  

P r e s e n t e d  a t  t h e  XVIth I n t e r n a t i o n a l  A s t r o n a u t i c a l  C o n g r e s s  , 
A t h e n s ,  S e p t e m b e r  1 3 - 1 8 ,  1 9 6 5 .  
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f o r e ,  w e  a r e  g i v i n g  s p e c i a l  s i g n i f i c a n c e  a t  t h e  p r e s e n t  t i m e  t o  
t h e  p r o b l e m  o f  a n  a s t r o n a u t ' s  t o l e r a n c e  t o  a c c e l e r a t i o n s  w h i c h  o c c u r  
d u r i n g  l a n d i n g  a f t e r  a l o n g  p e r i o d  o f  w e i g h t l e s s n e s s ,  as w e l l  a s  t o  
a d e v e l o p m e n t  o f  c e r t a i n  ways  a n d  m e t h o d s  f o r  i n c r e a s i n g  m a n ' s  r e 
s i s t a n c e  t o  t h e  e f f e c t  o f  a c c e l e r a t i o n s .  

R e s u l t s  o f  e x p e r i m e n t a l  s t u d i e s ,  o b t a i n e d  w h i l e  c a r r y i n g  o u t  
a c t u a l  s p a c e  f l i g h t s  w e l l  as u n d e r  l a b o r a t o r y  c o n d i t i o n s ,  a n d  
a n s w e r i n g  t o  some or a n o t h e r  d e g r e e  t h e  q u e s t i o n s  p r e s e n t e d  a b o v e ,  
a r e  g i v e n  i n  t h i s  a r t i c l e .  

ASTRONAUTS' REACTIONS T O  THE EFFECT OF ACCELERATIONS D U R I N G  SPACE 
FLIGHT 

A c c o r d i n g  t o  s u b j e c t i v e  e v a l u a t i o n s ,  t h e  a c c e l e r a t i o n s  o c c u r r 
i n g  w h i l e  c r a f t  o f  t h e  " V o s t o k "  a n d  "Voskhod" s e r i e s  e n t e r e d  o r b i t  
w e r e  e n d u r e d  b y  a l l  t h e  a s t r o n a u t s  a p p r o x i m a t e l y  i n  t h e  same way as 
d u r i n g  r o t a t i o n  i n  a c e n t r i f u g e .  The c h a n g e s  i n  t h e  p h y s i o l o g i c a l  
c h a r a c t e r i s t i c s  b e f o r e  l a u n c h i n g ,  and  t h e  r e a c t i o n s  d u r i n g  t h e  ac 
t i v e  s e g m e n t  o f  t h e  f l i g h t ,  w e r e  s i m i l a r  f o r  a l m o s t  a l l  t h e  a s t r o 
n a u t s .  The i n c r e a s e  i n  p u l s e  r a t e  a n d  r e s p i r a t i o n ,  o c c u r r i n g  b e 
f o r e  l a u n c h i n g ,  c o n t i n u e d  t o  r i s e  a t  t h e  b e g i n n i n g  o f  t h e  f l i g h t .  

The p u l s e  r a t e  a n d  t h e  r e s p i r a t i o n  r a t e  r e a c h e d  maximum v a l u e s  
d u r i n g  t h e  f i r s t  t e n  s e c o n d s ,  when t h e  a c c e l e r a t i o n s  were i n s i g n i 
f i c a n t  i n  v a l u e .  T h e n ,  d e s p i t e  t h e  c o n t i n u i n g  i n c r e a s e  o f  a c c e l e r 
a t i o n s ,  t h e r e  w a s  a g r a d u a l  r e d u c t i o n  o f  t h e  p u l s e  a n d  r e s p i r a t i o n  
r a t e s .  The c h a n g e s  i n  t h e  t i m e  c h a r a c t e r i s t i c s  o f  t h e  e l e c t r o 
c a r d i o g r a m  c o r r e s p o n d e d  t o  a n  i n c r e a s e  i n  t h e  r a t e  o f  h e a r t  c o n t r a c 
t i o n s .  Toward t h e  e n d  o f  t h e  a c t i v e  s e g m e n t ,  t h e  r a t e  o f  h e a t  c o n 
t r a c t i o n s  a n d  r e s p i r a t i o n  f o r  t h e  a s t r o n a u t s  w a s  u s u a l l y  w i t h i n  t h e  
l i m i t s  o f  t h e  v a l u e s  w h i c h  a r e  c h a r a c t e r i s t i c  f o r  t h e  p e r i o d  b e f o r e  
l a u n c h i n g .  A f u r t h e r  d e c r e a s e  i n  t h e  r a t e  o f  h e a r t  c o n t r a c t i o n  a n d  
r e s p i r a t i o n  o c c u r r e d  much more  s l o w l y  u n d e r  t h e  c o n d i t i o n s  o f  a c t u a l  
f l i g h t  t h a n  a f t e r  g r o u n d  e x p e r i m e n t s  i n  a c e n t r i f u g e  ( " V t o r o y  g r u p 
povoy  k o s m i c h e s k i y  p o l e t  i n e k o t o r y y e  i t o g i  p o l e t o v  s o v e t s k i k h  k o s 
monav tov  n a  k o r a b l y a k h  V o s t o k "  ( T h e  S e c o n d  Group S p a c e  F l i g h t  a n d  
C e r t a i n  C o n c l u s i o n s  f r o m  t h e  F l i g h t  o f  A s t r o n a u t s  on V o s t o k  C r a f t ) ,  
e d i t e d  by  N . M .  S i s a k y a n .  M O S C O W ,  N a u k a ,  1 9 6 5 ) .  I n  c o m p a r i n g  t h e  
d a t a  f r o m  t h e  a c t i v e  f l i g h t  s e g m e n t  w i t h  t h e  r e s u l t s  o f  r o t a t i o n  
i n  a c e n t r i f u g e ,  w e  c a n  s e e  t h a t  t h e  d e g r e e  o f  p h y s i o l o g i c a l  c h a n g e s  
w a s  much more s i g n i f i c a n t  u n d e r  t h e  c o n d i t i o n s  o f  a c t u a l  f l i g h t .  
M o r e o v e r ,  i n  c o n t r a s t  t o  t h e  r e s u l t s  o f  l a b o r a t o r y  s t u d i e s ,  t h e  d a t a  
f o r  t h e  a c t i v e  s i g m e n t  i n  a c t u a l  f l i g h t s  i n  g e n e r a l  h a v e  n o t  p r o 
v i d e d  f o r  f i n d i n g  a c l e a r  d e p e n d e n c e  b e t w e e n  t h e  d y n a m i c s  o f  t h e  
p h y s i o l o g i c a l  c h a r a c t e r i s t i c s  a n d  t h e  v a l u e s  o f  t h e  a c c e l e r a t i o n s .  

D u r i n g  t h e  p e r i o d  when t h e  c r a f t  e n t e r e d  o r b i t ,  e m o t i o n a l  
t e n s i o n ,  i n  a d d i t i o n  t o  t h e  a c c e l e r a t i o n s ,  a f f e c t e d  t h e  a s t r o n a u t s '  
p h y s i o l o g i c a l  r e a c t i o n s .  O b v i o u s l y ,  t h e  e m o t i o n a l  t e n s i o n  g r e a t l y  

/ 9  5d e t e r m i n e d  t h e  o r i g i n a l  l e v e l  a n d  t h e  n a t u r e  o f  t h e  c h a n g e s  i n  -
i n d i v i d u a l  c h a r a c t e r i s t i c s .  The r o l e  o f  e m o t i o n a l  t e n s i o n  becomes  
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p a r t i c u l a r l y  s i g n i f i c a n t  when we c o m p a r e  t h e  v a l u e s  o f  t h e  a s t r o 
n a u t s '  p h y s i o l o g i c a l  c h a r a c t e r i s t i c s  i m m e d i a t e l y  b e f o r e  l a u n c h i n g  
w i t h  t h o s e  o b t a i n e d  d u r i n g  t h e  a c t i o n  o f  a c c e l e r a t i o n s  i n  a c e n 
t r i f u g e  as  shown i n  t h e  g r a p h  f o r  t h e  a c t i v e  s e g m e n t  ( T a b l e  1). I n  
a l m o s t  a l l  c a s e s ,  t h e  r a t e  o f  h e a r t  c o n t r a c t i o n  w a s  much h i g h e r  b e 
f o r e  l a u n c h i n g  t h a n  d u r i n g  a n t i c i p a t i o n  o f  s t a r t i n g  t h e  c e n t r i f u g e  
a n d  d u r i n g  t h e  a c t i o n  o f  a c c e l e r a t i o n s  i n  t h e  c e n t r i f u g e .  

T A B L E  1 

PULSE RATE FOR C E R T A I N  A S T R O N A U T S ,  1 M I N  B E F O R E  L A U N C H I N G  A N D  
D U R I N G  THE A C T I O N  OF ACCELERATIONS I N  A C E N T R I F U G E  

I 
A s t r o n a u t s  

G .  T i t o v  


A .  N i k o l a y e v  


P .  P o p o v i c h  


V .  B y k o u s k i y  

V .  Komarov 

The e f f e c t  of t h e  

P u l s e  R a t e  (Ma'ximum V a l u e ) ,  b e a t s / m i n  n i n  

130 108 


114 82 


136 124 


134 102 


89 80 

n e r v o u s - e m o t i o n a l  f a c t o r ,  c o n c e a l i n g  t h e  
r e a c t i o n s  t o  t h e  a c t i o n  o f  a c c e l e r a t i o n s ,  w a s  c l e a r l y  e x p r e s s e d  i n  
P .  B e l y a y e v  a n d  A .  Leonov when t h e  c r a f t  e n t e r e d  o r b i t .  I n  t h i s  
f l i g h t ,  i n  c o n t r a s t  t o  a l l  t h e  p r e v i o u s  o n e s ,  t h e r e  w a s  a g r a d u a l  
i n c r e a s e  i n  t h e  r a t e  o f  h e a r t  c o n t r a c t i o n s  t o w a r d  t h e  e n d  o f  t h e  
a c t i v e  s e g m e n t .  The p u l s e  r a t e  c o n t i n u e d  t o  i n c r e a s e ,  a n d ,  a f t e r  
t h e  o n s e t  o f  w e i g h t l e s s n e s s ,  i t  g r e a t l y  e x c e e d e d  t h e  l e v e l  a c h i e v e d  
d u r i n g  t h e  ' e f f e c t  o f  a c c e l e r a t i o n s .  We c a n  a s s u m e  t h a t  t h i s  s h i f t  
i n  t h e  c a r d i a c  a c t i v i t y  w a s  c a u s e d  by e m o t i o n a l  t e n s i o n  i n  r e l a 
t i o n  t o  t h e  i m m i n e n t  p r e p a r a t i o n  f o r  L e o n o v ' s  " e x i t "  f r o m  t h e  c r a f t  
i n t o  o u t e r  s p a c e .  

We n o t e d  t h a t ,  d u r i n g  t h e  f l i g h t s  i n  t h e  "Vos tok i ' ,  t h e  c h a n g e s  
i n  t h e  p h y s i o l o g i c a l  c h a r a c t e r i s t i c s  f o r  t h e  a s t r o n a u t s  were  much 
more p r o n o u n c e d  t h a n  f o r  t h e  "Voskhod" ( T a b l e  2 ) .  

T h u s ,  w h i l e  t h e  p u l s e  r a t e  f o r  t h e  a s t r o n a u t s  on t h e  t fVoskhodf t  
o n e  m i n u t e  b e f o r e  l a u n c h i n g  a v e r a g e d  9 4  b e a t s / m i n ,  f o r  t h e  a s t r o 
n a u t s  on t h e  " V o s t o k "  c r a f t  i t  w a s  132 b e a t s / m i n ;  d u r i n g  t h e  a c t i v e  / 9 6-
s e g m e n t  o f  t h e  f l i g h t ,  i t  w a s  9 5  a n d  124 b e a t s / m i n ,  r e s p e c t i v e l y .  
T h i s  d i f f e r e n c e  i s  p r o b a b l y  d e t e r m i n e d  by t h e  l e s s e r  d e g r e e  o f  
n e r v o u s - e m o t i o n a l  t e n s i o n  for t h e  c r e w  members  i n  c o l l e c t i v e  f l i g h t s  
( a  " f e e l i n g  o f  f e l l o w s h i p " ) .  
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TABLE 2 

A s t r o n a u t s  

Yu. G a g a r i n  

G .  T i t o v  

A .  N i k o l a y e v  

P .  Popov, ich  

V .  B y k o v s k i y  

I n  F l i g h t  

116.5,  

1 1 3 . 1  

1 2 0 . 6  

1 2 0 . 8  

1 3 5 . 2  

V .  T e r e s h k o v a  1 4 0  c. 


A v e r a g e  1 1 2 4 . 3  
c -

V .  	 Komarov 9 2 . 2  

K .  F e o k t i s t o v  1 0 0 . 2  

B .  Yegorov  1 1 2 . 7  

P .  B e l y a y e v  8 5 . 0  

A .  Leonov 87 . O  

A v e r a g e  I 9 5 . 4  

Toward t h e  e n d  o f  t h e  f l i g h t ,  
p u l s e  r a t e  a n d  r e s p i r a t i o n  f o r  a l l  

I n  a 	C e n t r i f u g e  ' D i f f e r e n c e  

6 7 . 0  t 4 9 . 5  

77.. 0 + 5 4 . 0  

7 2 . 3  t 4 8 . 3  

8 1 . 5  + 3 9 . 3  

7 1 . 0  + 6 4 . 2  

7 5 . 6  + 5 1 . 7  

7 5 . 6  I + 5 1 . 7  

7 3 . 2  +19  

88  6 + 1 1 . 6  

7 5 . 5  + 3 7 . 2  

7 0 . 0  +15  

6 5 . 0  + 2 2  

7 4 . 4  + 2 1 . 0  

t h e r e  w a s  a n  i n c r e a s e  i n  t h e  
t h e  a s t r p n a u t s ,  w h i c h  e v i d e n t l y  

w a s  c a u s e d  by  a n t i c i p a t i o n  o f  l a n d i n g  a s  a v e r y  s e r i o u s  a n d  c o n 
c l u s i v e  s t a g e  o f  t h e  f l i g h t .  The p h y s i o l o g i c a l  r e a c t i o n s  t o  t h e  
l a n d i n g  s e g m e n t  o f  t h e  f l i g h t  d u r i n g  d e c e l e r a t i o n  o f  t h e  c r a f t  i n  
d e n s e  l a y e r s  o f  t h e  a t m o s p h e r e ,  as a r u l e ,  w e r e  more p r o n o u n c e d  
t h a n  d u r i n g  e n t r y  i n t o  o r b i t .  A c c o r d i n g  t o  t h e  s t a t e m e n t s  o f  t h e  
m a j o r i t y  o f  t h e  a s t r o n a u t s ,  t h e  a c c e l e r a t i o n s  d u r i n g  t h i s  f l i g h t  
s e g m e n t  were  e n d u r e d ,  s u b j e c t i v e l y ,  w i t h  much more  d i f f i c u l t y  t h a n  
f o r  t h e  same i n  a c e n t r i f u g e .  For some a s t r o n a u t s ,  t h e  p u l s e  r a t e  
r e a c h e d  v e r y  h i g h  v a l u e s :  1 6 8 - 1 9 0  b e a t s / m i n .  I t  i s  w e l l  known t h a t  
s i m i l a r  c h a n g e s  w e r e  a l s o  r e c o r d e d  f o r  t h e  A m e r i c a n  a s t r o n a u t s .  
The amoun t  o f  r e a c t i o n  i n  t h i s  case  w a s  g r e a t e r  t h a n  d u r i n g  t h e  / 9 7  
e f f e c t  o f  s i m i l a r  a c c e l e r a t i o n s  f o r  r o t a t i o n  i n  a c e n t r i f u g e .  For 
mos t  o f  t h e  a s t r o n a u t s  d u r i n g  t h e  l a n d i n g  s e g m e n t  o f  t h e  f l i g h t  
t h e r e  w e r e  s h o r t - p e r i o d  v i s u a l  d i s o r d e r s  i n  t h e  form o f  a b l a c k o u t .  
Such  d i s o r d e r s  were  n o t  o b s e r v e d  d u r i n g  t h e  a c t i o n  o f  a c c e l e r a t i o n s  
i n  l a n d i n g  s i m u l a t i o n  i n  a c e n t r i f u g e .  

The q u e s t i o n  o f  w h e t h e r  or n o t  t h e  a b o v e - m e n t i o n e d  d i f f e r e n c e  
i n  r e a c t i o n  t o  t h e  e f f e c t  o f  a c c e l e r a t i o n s  d u p i n g  r o t a t i o n  i n  a 
c e n t r i f u g e  i n  a s i m u l a t e d  l a n d i n g  a n d  d u r i n g  a c t u a l  l a n d i n g  i n c r e a s 
e s  i n  r e l a t i o n  t o  t h e  l e n g t h  o f  t i m e  f o r  t h e  f l i g h t  i s  o f  g r e a t  i n 
t e r e s t .  
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A f t e r  r e m a i n i n g  u n d e r  c o n d i t i o n s  o f  w e i g h t l e s s n e s s  f o r  o n e  d a y  
( T i t r o v ,  Komarov,  F e o k - k i s t o v ,  Y e g o r o v ) ,  t h e  d i f f e r e n c e  i n  t h e  p u l s e  
r a t e  a v e r a g e d  +10 b e a t s / m i n  ( w i t h  e x t r e m e  v a l u e s  f r o m  t 3  t o  + 2 2  
b e a t s / m i n ) .  

A f t e r  3- a n d  4 - d a y  f l i g h t s  ( P o p o v i c h ,  T e r e s h k o v a ,  a n d  N i k o l a v e v ) ,  
t h e  d i f f e r e n c e  i n  t h e  r a t e  o f  h e a r t  c o n t r a c t i o n s  i n c r e a s e d  t o  30
32 b e a t s / m i n ,  a n d  a f t e r  a 5 - d a y  f l i g h t ,  i t  r e a c h e d  a maximum v a l u e  
o f  6 2  b e a t s / m i n  ( V .  B y k o v s k i y ) .  T h e s e  d a t a  e n c o u r a g e d  u s  t o  s t u d y  
i n  g r e a t e r  d e t a i l  t h e  p r o b l e m  o f  human t o l e r a n c e  t o  a c c e l e r a t i o n s  
i n  t h e  l a n d i n g  s e g m e n t  f o l l o w i n g  w e i g h t l e s s n e s s .  A c t u a l l y ,  i n  
c a r r y i n g  o u t  t h e  p r o g r a m  o f  s p a c e  r e s e a r c h ,  we mus t  know e x a c t l y  
w h a t  e f f e c t  a l o n g  p e r i o d  o f  w e i g h t l e s s n e s s  c a n  h a v e  on man. The 
s t r u c t u r i n g  o f  p r e d i c t i o n s ,  o b v i o u s l y ,  s h o u l d  b e  b a s e d  on  t h e  s t u d y  
o f  f l i g h t  t e s t s  a s  w e l l  as on  d a t a  f r o m  l a b o r a t o r y  e x p e r i m e n t s  i n  
w h i c h  t h e  c o r r e s p o n d i n g  e f f e c t s  o f  w e i g h t l e s s n e s s  a r e  r e p r o d u c e d .  
I m m e r s i o n  i n  w a t e r  a n d  a l o n g  p e r i o d  s p e n t  i n  a h o r i z o n t a l  p o s i t i o n  
w i t h  l i m i t e d  m o b i l i t y  a r e  l a b o r a t o r y  m o d e l s  w h i c h  c a n  b e  u s e d  f o r  
e v a l u a t i n g  t h e  e f f e c t  o f  w e i g h t l e s s n e s s  on m a n ' s  t o l e r a n c e  t o  
a c c e l e r a t i o n s .  

A t  t h e  p r e s e n t ,  i t  h a s  b e e n  e s t a b l i s h e d  t h a t  a l o n g  p e r i o d  o f  
h y p o k i n e s i a  ( r e m a i n i n g  i n  a h o r i z o n t a l  p o s i t i o n )  c a u s e s  a d e c r e a s e  
i n  a n  o r g a n i s m ' s  r e s i s t a n c e  t o  p h y s i c a l  work a n d  o r t h o s t a t i c  t e s t s  
[ 9 , 1 1 , 1 7 , 2 2 , 2 6 , 2 7 , 2 8 ] .  

A c c o r d i n g  t o  t h e  d a t a  we h a v e  [ 2 4 , 1 7 ] ,  a l o n g  p e r i o d  o f  con
f i n e m e n t  t o  b e d  r e s u l t e d  i n  s i g n i f i c a n t  d i s o r d e r s  i n  t h e  r e g u l a t i o n  
o f  b l o o d  c i r c u l a t i o n ,  w h i c h  w e r e  i n t e n s i f i e d  b e c a u s e  o f  w e a k e n i n g  
o f  t h e  t o n u s  o f  t h e  s k e l e t a l  m u s c l e s .  S i m i l a r  d i s o r d e r s  i n  t h e  
b l o o d - c i r c u l a t i o n  s y s t e m  c a n  o c c u r  i n  a n  a s t r o n a u t  who i s  r e t u r n i n g  
t o  t h e  E a r t h ' s  g r a v i t a t i o n  a f t e r  a l o n g  p e r i o d  o f  s p a c e  f l i g h t .  

The d a t a  on t h e  e f f e c t  o f  a l o n g  p e r i o d  o f  h y p o d y n a m i a  or 
i m m e r s i o n  i n  a l i q u i d  on  t h e  t o l e r a n c e  t o  a c c e l e r a t i o n s  a r e  o f  p a r 
t i c u l a r  i n t e r e s t .  A d e c l i n e  i n  t h e  t o l e r a n c e  t o  a c c e l e r a t i o n s , a s  
i n  t h e  c a s e  o f  o r t h o s t a t i c  t e s t s ,  w a s  n o t e d  by p r a c t i c a l l y  a l l  t h e  
r e s e a r c h e r s  w o r k i n g  i n  t h i s  a r e a .  A f t e r  r e m a i n i n g  i n  w a t e r  f o r  
6 -24  h o u r s  [ 2 5 , 2 6 , 2 7 1 ,  t h e  s u b j e c t s  showed a d e c l i n e  i n  t h e  r e a c t i o n  
of t h e i r  c a r d i o v a s c u l a r  a n d  r e s p i r a t i o n  s y s t e m s  t o  a n  o r t h o s t a t i c  
t e s t  a n d  t h e  e f f e c t  o f  a c c e l e r a t i o n s ,  a l l  t h e  way t o  d e v e l o p m e n t  o f  
p r e - c o l l a p s e  a n d  c o l l % R s e  e o n d i t i o a a .  

The d a t a  o n  t h e  f l i g h t s  o f  a n i m a l s  a n d  man i n  o u + e r  s p a c e  h a v e  /98 
n o t  p r o v i d e d  f o r  f i n d i n g  s u c h  s e r i o u s  d i s o r d e r s  i n  t h e  w o r k i n g  
c a p a c i t y  a n d  t h e  t o l e r a n c e  t o  g r a v i t a t i o n a l  e f f e c t s  as  i n  t h e  s i m u 
l a t i o n  e x p e r i m e n t s  [ 1 9 - 2 2 1 .  

I t  i s  p o s s i b l e  t h a t  t h e  l e n g t h  o f  t i m e  t h e  a s t r o n a u t s  r e m a i n e d  
i n  o r b i t  w a s  i n s u f f i c i e n t  f o r  t h e  d e v e l o p m e n t  o f  p r o c e s s e s  l i n k e d  
w i t h  t h e  r e c o n s t r u c t i o n  o f  a c t i v i t y  f o r  t h e  c a r d i o v a s c u l a r  s y s t e m ,  
i m p o s e d  by t h e  c o n d i t i o n s  o f  w e i g h t l e s s n e s s .  I t  i s  a l s o  p o s s i b l e  
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t h a t  m o t o r  a c t i v i t y ,  s p e c i a l  p h y s i c a l  e x e r c i s e s ,  as w e l l  a s  c a r e f u l  
s e l e c t i o n  a n d  t r a i n i n g  o f  a s t r o n a u t s  f o r  f l i g h t  p r e v e n t e d  t h e  
a p p e a r a n c e  o f  u n d e s i r a b l e  c h a n g e s  o n  t h e  p a r t  o f  t h e  c a r d i o v a s c u l a r  
s y s t e m .  However ,  w e  c o u l d  n e v e r  e x c l u d e  t h e  i d e a  t h a t ,  f o r  l o n g e r -
p e r i o d  f l i g h t s ,  t h e  d e b i l i t a t i n g  e f f e c t  o f  w e i g h t l e s s n e s s  on  t h e  
c a r d i o v a s c u l a r  s y s t e m  w o u l d  b e  more  p r o n o u n c e d  i f  t h e  c o r r e s p o n d i n g  
p r o p h y l a c t i c  m e a s u r e s  were  n o t  f o u n d .  U n f o r t u n a t e l y ,  s t u d i e s  i n  
t h i s  d i r e c t i o n  a r e  v e r y  l i m i t e d .  I t  seems e x p e d i e n t  t h a t  w e  s h o u l d  
s e t  up new e x p e r i m e n t s ,  e x p o s i n g  t h e  e x a m i n e e s  t o  c o n d i t i o n s  o f  
h y p o k i n e s i a  f o r  a l o n g  p e r i o d  o f  t i m e .  

S T U D I E S  O N  T H E  T O L E R A N C E  TO ACCELERATIONS I N  E X P E R I M E N T S  W I T H  H Y P O -
K I N E S I A  A N D  K E E P I N G  SUBJECTS CONFINED TO A H O R I Z O N T A L  POSITION FOR 

A L O N G  P E R I O D  OF T I M E  

Twen ty -one  men,  r a n g i n g  i n  a g e  f r o m  2 0  t o  2 5 ,  p a r t i c i p a t e d  i n  
o u r  e x p e r i m e n t s .  S t u d i e s  o n  t h e  s u b j e c t s '  r e s i s t a n c e  t o  a c c e l e r a 
t i o n s  i n  a c e n t r i f u g e  w e r e  c a r r i e d  o u t  by  t w o  m e t h o d s :  t h e  f i r s t  
i n v o l v e d  d e t e r m i n i n g  t h e  maximum t i m e  f o r  t o l e r a n c e  t o  a c c e l e r a t i o n s  
w i t h  a v a l u e  o f  7 a n d  8 u n i t s ;  t h e  s e c o n d ,  by d e t e r m i n i n g  t h e  max i 
mum v a l u e  f o r  t o l e r a n c e  t o  a n  a c c e l e r a t i o n  ( w i t h  a c c e l e r a t i o n s  
a c c u m u l a t i n g  a t  a r a t e  o f  0 . 2  u n i t s / s e c ) .  The t o l e r a n c e  t o  a c c e l e r a 
t i o n s  w a s  d e t e r m i n e d  b e f o r e  h y p o k i n e s i a  ( c o n t r o l  r o t a t i o n )  a n d  a f t e r  
i t .  The d i r e c t i o n  o f  t h e  a c c e l e r a t i o n s  was a l w a y s  " c h e s t - b a c k " .  
The s u b j e c t  w a s  i n  a h a l f - r e c l i n i n g  p o s i t i o n  on  a c o u c h  whose  b a c k  
w a s  t i l t e d  a t  a n g l e s  o f  1 0  a n d  25O t o  t h e  " h o r i z o n t a l " .  

The e x a m i n e e s  w e r e  c o n f i n e d  s t r i c t l y  t o  b e d ,  w i t h  l i m i t e d  m o t o r  
a c t i v i t y ,  for 8 t o  1 5  a n d  2 0  d a y s .  I n  t r a n s p o r t i n g  .them t o  a c e n 
t r i f u g e  a f t e r  t h e  p e r i o d  o f  h y p o d y n a m i a ,  e v e r y  c a u t i o n  w a s  t a k e n  
t o  p r e s e r v e  t h e i r  h o r i z o n t a l  p o s i t i o n  ( t r a n s p o r t  o n  s t r e t c h e r s ) .  

The r e s u l t s  o f  l a b o r a t o r y  s t u d i e s  showed t h a t  t h e  t i m e  f o r  
maximum t o l e r a n c e  t o  a c c e l e r a t i o n s  o f  7 u n i t s  a f t e r  20 -day  hypo
k i n e s i a  i n  a number  o f  c a s e s  d e c r e a s e d  t o  4 - 6  s e c ,  w i t h  4-5  min  f o r  
c o n t r o l s .  I n  o n l y  o n e  c a s e  d i d  t h e  t i m e  for t o l e r a n c e  r e m a i n  p r a c 
t i c a l l y  u n c h a n g e d .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h i s  same exam- / 9 9  
i n e e  was i n  a p r e - c o l l a p s e  c o n d i t i o n  d u r i n g  r o t a t i o n  i n  t h e  c e n t r i 
f u g e .  

I n  u s i n g  t h e  s e c o n d  m e t h o d ,  i t  w a s  f o u n d  t h a t  t h e  maximum e n 
d u r a b l e  v a l u e  f o r  a n  a c c e l e r a t i o n  a f t e r  8-15  a n d  20 d a y s  o f  hypo
k i n e s i a ,  d e c r e a s e d  o n  t h e  a v e r a g e  b y  2 . 2  u n i t s .  The  d e c r e a s e  i n  
t h e  s u b j e c t s '  r e s i s t a n c e  v a r i e d  i n  i n d i v i d u a l  ca ses  w i t h i n  a r a n g e  
f r o m  0 . 7  t o  4 u n i t s .  

We mus t  n o t e  t h a t ,  a f t e r  h y p o k i n e s i a ,  e x p e r i m e n t a l  r o t a t i o n s  
i n  t h e  c e n t r i f u g e  w e r e  e n d u r e d  ( s u b j e c t i v e l y )  w i t h  more  d i f f i c u l t y  
t h a n  were  t h e  c o n t r o l s ,  d e s p i t e  t h e  s m a l l e r  v a l u e  o f  t h e  a c c e l e r a t i o n .  

I t  i s  v e r y  i n t e r e s t i n g  t h a t  t h e  a c h i e v e m e n t  o f  e q u i v a l e n t  
v a l u e s  f o r  a c c e l e r a t i o n s  w a s  a c c o m p a n i e d  b y  g r e a t e r  f u n c t i o n a l  b r e a k 
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downs o f  a n  o r g a n i s m ' s  p h y s i o l o g i c a l  s y s t e m s .  T h u s ,  for s u b j e c t s  
e x p o s e d  t o  a n  a c c e l e r a t i o n  of 8-9 u n i t s ,  t h e  a v e r a g e  p u l s e  r a t e  
w a s  1 7 0  + 11 b e a t s / m i n ,  w h i l e  i t  w a s  1 4 9  -k 1 3  b e a t s / m i n  for t h e  
c o n t r o l  r o t a t i o n s .  We s h o u l d  a l s o  n o t e  that ,  i n  i n d i v i d u a l  c a s e s ,  
t h e  r a t e  o f  h e a r t  c o n t r a c t i o n s  e v e n  r e a c h e d  1 9 0 - 1 9 2  b e a t s / m i n .  

D u r i n g  t h e  a c t i o n  o f  a c c e l e r a t i o n s  a f t e r  h y p o k i n e s i a ,  t h e r e  w a s  
a l s o  a n  i n c r e a s e  i n  t h e  s y s t o l i c  i n d i c a t o r  up t o  7 0 - 8 5 % ,  by com
p a r i s o n  w i t h  5 4 - 6 0 %  i n  t h e  c o n t r o l  e x p e r i m e n t s ,  a d e c r e a s e  i n  t h e  
v o l t a g e  o f  t h e  waves  o f  t h e  &RS a n d  T c o m p l e x  a n d ,  i n  some c a s e s ,  
a d e c r e a s e  i n  t h e  S-T  i n t e r v a l .  The i n c r e a s e  f o r  t h e  s y s t o l i c  
i n d i c a t o r  w a s  c a u s e d  m a i n l y  by a s i g n i f i c a n t  c o n t r a c t i o n  o f  t h e  
R-R  i n t e r v a l .  I n  i n d i v i d u a l  c a s e s ,  t h e  i n c r e a s e  f o r  t h e  s y s t o l i c  
i n d i c a t o r  d u r i n g  t h e  a c t i o n  o f  o v e r l o a d s  a l s o  o c c u r r e d  b e c a u s e  o f  
a l e n g t h e n i n g  o f  t h e  e l e c t r i c  s y s t o l e  w h i c h  d i d  n o t  c o r r e s p o n d  t o  
t h e  g i v e n  p u l s e  r a t e .  I n  o n e  c a s e ,  a n e g a t i v e  T I  wave w a s  n o t e d .  
I n  some c a s e s ,  a b r e a k d o w n  of t h e  r h y t h m  o f  h e a r t  c o n t r a c t i o n s  i n  
t h e  f o r m  o f  e x t r a s y s t o l e s  o f  v a r i o u s  o r i g i n s  w a s  a l s o  o b s e r v e d  
d u r i n g  c o n t r o l  r o t a t i o n s ,  b u t  i t  w a s  more  f r e q u e n t  a f t e r  h y p o k i n e s i a .  

The s y s t o l i c  p r e s s u r e  i n  t h e  b r a c h i a l  a r t e r y ,  d u r i n g  t h e  a c t i o n  
o f  a c c e l e r a t i o n s  a f t e r  h y p o k i n e s i a ,  r e m a i n e d  a t  l o w e r  v a l u e s  t h a n  i n  
t h e  c o n t r o l s .  The maximum p r e s s u r e  i n  t h e  v e s s e l s  o f  t h e  e a r l o b e  
d e c r e a s e d  i n  a l l  c a s e s ,  e v e n  d e s p i t e  t h e  l o w e r  v a l u e s  f o r  t h e  a c c e l 
e r a t i o n  t o  w h i c h  t h e  s u b j e c t s  w e r e  s u b j e c t e d .  A f t e r  s t o p p i n g  t h e  
c e n t r i f u g e ,  t h e r e  w a s  i n  a l l  c a s e s  a t e n d e n c y  f o r  t h e  p u l s e  p r e s 
s u r e  t o  d e c r e a s e  b e c a u s e  o f  a n  i n c r e a s e  i n  t h e  d i a s t o l i c  p r e s s u r e  
by  1 5 - 2 5  mm Hg; t h e  s y s t o l i c  p r e s s u r e  w a s  e i t h e r  e q u a l  t o  t h e  c o n 
t r o l  v a l u e s  or somewhat  e x c e e d e d  t h e m .  For s u b j e c t s  who h a d  b e e n  
i n  a s t a t e  o f  h y p o k i n e s i a ,  t h e  p e r i o d  f o r  r e c o v e r y  o f  t h e  o r i g i n a l  
c h a r a c t e r i s t i c s  o f  t h e  c a r d i o v a s c u l a r  s y s t e m  a f t e r  r o t a t i o n  i n 
c r e a s e d  as  a r u l e .  The r e c o v e r y  t i m e  w a s  l e n g t h e n e d  by 1 0 - 5 0  m i n .  
i n  r e l a t i o n  t o  t h e  c o n t r o l  r o t a t i o n ,  a n d  l a s t e d  a t o t a l  of 6 0  m i n ,  
w h i l e  i n  some c a s e s  i t  l a s t e d  9 0  min .  

M o r e o v e r ,  t h e r e  w e r e  o t h e r  s i g n s  o f  v e g e t a t i v e  c h a n g e s  n o t e d ,  /lo0 
s u c h  a s ,  f o r  e x a m p l e ,  p a l e n e s s ,  h y p e r h y d r o s i s  o f  t h e  f a c i a l  i n t e g u 
ment  a n d  c y s t s  on  t h e  h a n d s ,  w i t h  f r e q u e n t  a c r o c y a n o s i s .  T h e s e  
symptoms w e r e  a l s o  f o u n d  i n  c o n t r o l  r o t a t i o n s ,  b u t  a f t e r  g r e a t e r  
a c c e l e r a t i o n s .  

A s  f o r  t h e  i n d i c e s  c h a r a c t e r i z i n g  t h e  f u n c t i o n  o f  e x t e r n a l  
r e s p i r a t i o n ,  t h e r e  w e r e  a l s o  c e r t a i n  c h a n g e s  d u r i n g  t h e  a c t i o n  o f  
a c c e l e r a t i o n s  a f t e r  p r e v i o u s  h y p o k i n e s i a .  The f e e l i n g  o f  d i f f i c u l t y  
i n  b r e a t h i n g  d u r i n g  t h e  e f f e c t  o f  a c c e l e r a t i o n s  w a s  much s t r o n g e r  
t h a n  d u r i n g  t h e  c o n t r o l  e x p e r i m e n t s ,  a n d  i n  a number  o f  c a s e s  i t  
w a s  o n e  o f  t h e  r e a s o n s  f o r  t e r m i n a t i n g  t h e  e x p e r i m e n t .  I n  t h i s  
c a s e ,  t h e  a c c e l e r a t i o n  o f  l e a s t  v a l u e  w a s  t h e  m a r g i n a l  o n e .  The 
r a t e  o f  r e s p i r a t i o n  u n d e r w e n t  v e r y  s i g n i f i c a n t  s h i f t s .  T h u s ,  i f  i n  
t h e  c o n t r o l  r o t a t i o n  d u r i n g  t h e  a c t i o n  o f  a c c e l e r a t i o n s  ( o f  6 - 9  
u n i t s ) ,  t h e  r a t e  o f  r e s p i r a t i o n  i n c r e a s e d  by 5 0 %  ( t h e  o r i g i n a l  w a s  
t a k e n  as l o o % ) ,  t h e n  a f t e r  h y p o k i n e s i a  i t  i n c r e a s e d  by  1 1 4 % .  D u r i n g  
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d e c e l e r a t i o n  o f  t h e  c e n t r i f u g e  a n d  t h e  i m m e d i a t e  a f t e r - e f f e c t s ,  
t h e r e  i s  u s u a l l y  a s i g n i f i c a n t  i n c r e a s e  i n  r e s p i r a t i o n  r a t e ,  r e s p i r a 
t i o n  v o l u m e ,  a n d  o x y g e n  r e q u i r e m e n t ,  as a r e s u l t  o f  t h e  o x y g e n  d e b t  
o c c u r r i n g  d u r i n g  t h e  a c t i o n  o f  a c c e l e r a t i o n s .  A f t e r  h y p o k i n e s i a ,  
t h e  l e v e l  o f  t h e  o x y g e n  d e b t  w a s  much h i g h e r .  The  i n c r e a s e  i n  t h e  
r e s p i r a t i o n  r a t e  d u r i n g  d e c e l e r a t i o n  o f  t h e  c e n t r i f u g e  a f t e r  hypo
k i n e s i a  r e a c h e d  1 5 0 %  ( 7 0 %  i n  t h e  c o n t r o l ) .  The  p e r i o d  f o r  e l i m i n a t 
i n g  t h e  o x y g e n  d e b t  w a s  l o n g e r  t h a n  f o r  t h e  c o n t r o l  r o t a t i o n .  

A s i g n i f i c a n t  d e c r e a s e  i n  t h e  v i s u a l  a c u i t y  a n d  t h e  a p p e a r a n c e  
o f  v i s u a l  d i s o r d e r s  ( b l u r r e d  v i s i o n  a n d  b l a c k - o u t )  a f t e r  h y p o k i n e s i a  
o c c u r r e d  a t  l o w e r  v a l u e s  o f  a c c e l e r a t i o n  t h a n  i n  t h e  c o n t r o l s .  I n  
c o n n e c t i o n  w i t h  t h i s ,  t h e  v i s u a l  d i s o r d e r s  f o l l o w i n g  h y p o k i n e s i a  
were  more e x p r e s s e d  i n  a number  o f  cases  t h a n  i n  t h e  c o n t r o l s  
( b l a c k - o u t  w i t h  s u b s e q u e n t  p r e - s y n c o p i c  c o n d i t i o n ) .  For c e r t a i n  
s u b j e c t s ,  t o w a r d  t h e  e n d  o f  c o n f i n e m e n t  t o  b e d ,  t h e r e  were  c h a n g e s  
w h i c h  i n d i c a t e d  t h e  a p p e a r a n c e  o f  i n c r e a s e d  f r a g i l i t y  i n  m i n u t e  
v e s s e l s  ( t h e  a p p e a r a n c e  o f  a p o s i t i v e  e n d o t h e l i a l  s y n d r o m e ) ,  com
b i n e d  w i t h  c h a n g e s  i n  t h e  s i z e  a n d  s h a p e  o f  t h e  c a p i l l a r i e s .  T h e s e  
phenomena  w e r e  a l s o  r e f l e c t e d  i n  more e x p r e s s e d  h e m o r r h a g i c  phenom
e n a  a f t e r  r o t a t i o n  i n  a c e n t r i f u g e .  

T h u s ,  on  t h e  b a s i s  o f  t h e  s t u d i e s  c a r r i e d  o u t ,  w e  c a n  c o n c l u d e  
t h a t  e v e n  a f a r - f r o m - c o m p l e t e  s i m u l a t i o n  o f  t h e  c o n d i t i o n s  o f  
w e i g h t l e s s n e s s  c a u s e s  a d e c r e a s e  i n  human r e s i s t a n c e  o f  a c c e l e r a t i o n s .  

D e s p i t e  t h e  l e s s e r  v a l u e s  f o r  e n d u r a b l e  a c c e l e r a t i o n s  a f t e r  
h y p o d y n a m i a ,  t h e r e  w a s  n o t e d  a h i g h e r  l e v e l  o f  p h y s i o l o g i c a l  s h i f t s  
i n  t h e  m a j o r i t y  o f  t h e  c a s e s .  The m o s t  t y p i c a l  f e a t u r e  o n  t h e  p a r t  
o f  t h e  c a r d i o v a s c u l a r  s y s t e m  w a s  t h e  i n t e n s i f i c a t i o n  o f  t a c h y c a r d i a .  

The s h i f t s  n o t e d  o n  t h e  e l e c t r o c a r d i o g r a m s  i n  t h e  f o r m  o f  a 
l e n g t h e n i n g  o f  t h e  t i m e  f o r  t h e  e l e c t r i c  s y s t o l e  w h i c h  d o e s  n o t  /lo1 
c o r r e s p o n d  t o  t h e  p u l s e  r a t e ,  t h e  a p p e a r a n c e  o f  s i g n s  o f  a b r e a k 
down i n  e x c i t a b i l i t y  ( e x t r a s y s t o l e )  f o r  l e s s e r  v a l u e s  o f  t h e  a c c e l 
e r a t i o n s  t h a n  i n  t h e  c o n t r o l ,  a n d  t h e  a p p e a r a n c e  o f  a n e g a t i v e  T 1  
wave p r o b a b l y  i n d i c a t e  t h a t  t h e r e  i s  a d e c r e a s e  i n  t h e  f u n c t i o n a l  
c a p a c i t y  o f  t h e  myoca rd ium a s  a r e s u l t  o f  h y p o k i n e s i a .  The maximum 
o c c u r r e n c e  o f  v a s c u l a r  d i s o r d e r s  ( a p p e a r a n c e  o f  a s y n c o p i c  c o n d i 
t i o n ,  v i s u a l  d i f f i c u l t i e s ,  a d e c r e a s e  i n  a r t e r i a l  p r e s s u r e  i n  t h e  
v e s s e l s  of  t h e  e a r l o b e ,  a d e c r e a s e  i n  t h e  p u l s e  p r e s s u r e  b e c a u s e  
o f  a n  i n c r e a s e  i n  t h e  d i a s t o l i c  p r e s s u r e  a f t e r  t h e  a c t i o n  o f  a c c e l 
e r a t i o n s )  a l l o w s  u s  t o  a s s u m e  t h a t ,  i n  t h e  d e c r e a s e  o f  r e s i s t a n c e  
t o  a c c e l e r a t i o n s  a f t e r  a p r e c e d i n g  l o n g - p e r i o d  c o n d i t i o n  o f  hypo
k i n e s i a ,  a p r i m a r y  r o l e  c a n  b e  a s s i g n e d  t o  t h e  c h a n g e s  i n  t h e  ca r 
d i o v a s c u l a r  s y s t e m .  

A b r e a k d o w n  i n  t h e  r e g u l a t i o n  o f  t h e  v a s c u l a r  t o n u s  c a n  h a v e  
g r e a t  s i g n i f i c a n c e  i n  t h i s  c a s e .  

E x p e r i m e n t a l  d a t a  [ 4 ]  show t h a t  t h e r e  i s  a c h a n g e  i n  t h e  r a t e  
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o f  i n c o r p o r a t i n g  c o n t r o l  m e c h a n i s m s  a f t e r  h y p o k i n e s i a  ( l o w e r i n g  o f  
s t r e n g t h ,  i n e r t i a ,  a n d  i n s t a b i l i t y  i n  d e v e l o p i n g  c a r d i o v a s c u l a r  
r e f l e x e s  d u r i n g  a n  o r t h o s t a t i c  a n d  s p h e n o s t a t i c  t e s t ,  a n d  A s c h n e r ' s  
r e f l e x ) .  C h a n g e s  i n  t h e  t o n u s  f o r  t h e  v e s s e l s  o f  t h e  l o w e r  e x t r e m 
i t i e s  a f t e r  a 2 0 - d a y  c o n f i n e m e n t  t o  b e d  were  n o t e d  i n  a r h e o g r a p h i c  
e x a m i n a t i o n  d u r i n g  a p a s s i v e  o r t h o s t a t i c  t e s t  [17]. S u b s e q u e n t l y ,  
r e m a i n i n g  f o r  a l o n g  p e r i o d  o f  t i m e  i n  a h o r i z o n t a l  p o s i t i o n  w i t h  
l i m i t e d  m o b i l i t y  c a u s e d  a b r e a k d o w n  i n  t h e  a d a p t i v i t y  o f  t h e  c a r d i o 
v a s c u l a r  a n d  o t h e r  s y s t e m s  o f  t h e  o r g a n i s m  t o  a c h a n g e  i n  t h e  f o r c e  
o f  g r a v i t y .  T h e s e  c h a n g e s  w e r e  f o u n d  w i t h  t h e  a i d  o f  o r t h o s t a t i c  
t e s t s  a n d  t h e  a c t i o n  o f  a c c e l e r a t i o n s .  

U n d e r  t h e  c o n d i t i o n s  o f  a c t u a l  s p a c e  f l i g h t ,  t h e r e  were  n o t e d  
c e r > t a i n  s h i f t s  w h i c h  i n d i c a t e d  a c h a n g e  i n  t h e  r e g u l a t i o n  o f  t h e  
v e g e t a t i v e  f u n c t i o n s  i n  t h e  s t a t e  o f  w e i g h t l e s s n e s s  [ 7 , 8 ] .  I t  w a s  
shown t h a t  t h e  r e a c t i o n  o f  t h e  b l o o d - c i r c u l a t i o n  s y s t e m  t o  t h e  e f 
f e c t  o f  W e i g h t l e s s n e s s  h a s  a c o m p l e x  c h a r a c t e r  i n  c e r t a i n  o r b i t s .  
The p o s s i b i l i t y  t h a t  t h e  a s t r o n a u t s  m i g h t  h a v e  v e s t i b u l a r - v e g e t a t i v e  
t r o u b l e s  d u r i n g  t h e  f l i g h t ,  s i g n s  o f  f a t i g u e ,  a n d  c e r t a i n  s h i f t s  
on  t h e  p a r t  o f  t h e  c a r d i o v a s c u l a r  s y s t e m  i s  n o t  e x c l u d e d  [ 7 ] .  

A l l  T h i s  r e q u i r e s  d e v e l o p m e n t  a n d  i n t r o d u c t i o n  o f  c o r r e s p o n d i n g  
p r o p h y l a c t i c  m e t h o d s .  We p r o p o s e  t h a t  a l l  t h e  p o s s i b l e  s p e c i f i c  
a n d  n c n - s p e c i f i c  means  a n d  m e t h o d s  b e  u s e d  t o  i n c r e a s e  m a n ' s  r e 
s i s t a n c e  t o  t h e  e f f e c t  o f  a c c e l e r a t i o n s  a f t e r  w e i g h t l e s s n e s s  ( s e l e c 
t i o n  o f  o p t i m a l  r e g i m e s  for t h e  a c c e l e r a t i o n s ,  r a t i o n a l  m e t h o d s  f o r  
s e l e c t i o n  a n d  t r a i n i n g ,  p h a r m a c o l o g i c a l  m e t h o d s ,  p u r p o s e f u l  p h y s i c a l  
e x e r c i s e s ,  r e m a i n i n g  u n d e r  t h e  c o n d i t i o n s  o f  h i g h - a l t i t u d e ,  e t c . ) .  

C E R T A I N  WAYS F O R  INCREASING A N  ORGANISM'S RESISTANCE T O  T H E  EFFECT / l o 2  
OF ACCELERATIONS A F T E R  WEIGHTLESSNESS 

A d e c r e a s e  i n  t h e  work o f  t h e  m u s c l e s  u n d e r  t h e  c o n d i t i o n s  o f  
w e i g h t l e s s n e s s ,  i n  a d d i t i o n  t o  a l a c k  o f  h y d r o s t a t i c  p r e s s u r e  f o r  
t h e  b l o o d ,  c a n  b e  o n e  o f  t h e  p o s s i b l e  r e a s o n s  f o r  t h e  d e c r e a s e  i n  
t h e  f u n c t i o n a l  a b i l i t i e s  o f  t h e  c a r d i o v a s c u l a r  s y s t e m .  A weak n i n g  
o f  t h e  t o n u s  i n  t h e  s k e l e t a l  m u s c l e s ,  w i t h  a s u b s e q u e n t  d e c r e a s e  
i n  i t s  c o u n t e r a c t i o n  t o  g r a v i t a t i o n a l  e f f e c t s ,  c a n  l e a d  t o  a d e 
c l i n e  i n  t h e  t o l e r a n c e  t o  a c c e l e r a t i o n s ,  o r t h o s t a t i c  t e s t s ,  a n d  
p h y s i c a l  s t r i e s s e s  [ 1 1 , 1 6 , 1 7 , 2 4 ] .  

M u l t i p l e  s t u d i e s  in t h e  a r e a  o f  t h e  p h y s i o l o g y  o f  s p o r t s  h a v e  
shown t h a t  c o n t r o l l e d  p h y s i c a l  work i s  a p o t e n t  m e t h o d  f o r  i n c r e a s i n g  
human r e s i s t a n c e  t o  t h e  e f f e c t  o f  v a r i o u s  d i s a d v a n t e g e o u s  f a c t o r s  
i n  t h e  s u r r o u n d i n g  medium: c h i l l i n g ,  o v e r h e a t i n g ,  h y p o x i a ,  a n d  
o t h e r  s t r e s s e s  [ 9 , 1 6 ] .  The v a l u e  o f  p h y s i c a l  e x e r c i s e  f o r  i n 
c r e a s i n g  t h e  s u b j e c t s  r e s i s t a n c e  t o  a c c e l e r a t i o n s  a f t e r  h y o p k i n e s i a  
w a s  s t u d i e d  i n  s p e c i a l  e x p e r i m e n t s .  An a n a l y s i s  o f  t h e  m a t e r i a l s  
o b t a i n e d  d i d  n o t  show a s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e  r e a c 
t i o n s  o f  t h e  c a r d i o v a s c u l a r  a n d  r e s p i r a t i o n  s y s t e m s  for t h o s e  s u b 
j e c t s  who p e r f o r m e d  p h y s i c a l  e x e r c i s e s ,  a n d  f o r  t h o s e  i n  t h e  c o n t r o l  
g r o u p .  The  t i m e  for maximum t o l e r a n c e  t o  a n  a c c e l e r a t i o n  w i t h  a v a l u e  
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o f  7 - 8  u n i t s  f o r  t h o s e  s u b j e c t s  who 
d e c r e a s e  i n  m o s t  of  t h e  cases  ( 4  o u t  
t h e  l i m i t  i n  v a l u e  f o r  t o l e r a n c e  w a s  
t h o s e  s u b j e c t s  i n  t h e  c o n t r o l  g r o u p  
Most of  t h e  e x a m i n e e s  e v a l u a t e d  t h e  

p e r f o r m e d  e x e r c i s e s  d i d  n o t  
o f  6 c a s e s ) .  The l o w e r i n g  o f  
a l s o  somewhat  l e s s  t h a n  f o r  

( w i t h o u t  p h y s i c a l  e x e r c i s e s ) .  
a c c e l e r a t i o n s  s u b j e c t i v e l y  as 

b e i n g  a l m o s t  t h e  same as  b e f o r e  h y p o k i n e s i a .  

T h u s ,  t h e  i m p o s e d  c o m p l e x  o f  p h y s i c a l  e x e r c i s e s ,  a l t h o u g h  i t  
d i d  n o t  b r i n g  a b o u t  c o m p l e t e  p r e s e r v a t i o n  o f  a n  o r g a n i s m ' s  r e s i s t 
a n c e  t o  t h e  e f f e c t  o f  a c c e l e r a t i o n s  a f t e r  h y p o k i n e s i a ,  n e v e r t h e l e s s  
g a v e  a n  a p p a r e n t l y  p o s i t i v e  e f f e c t .  

I n  e x p e r i m e n t s  w i t h  d i f f e r e n t  t y p e s  o f  a n i m a l s ,  w e  e s t a b l i s h e d  
t h a t  t h e r e  c o u l d  b e  a s u b s t a n t i a l  i n c r e a s e  i n  r e s i s t a n c e  t o  a c c e l 
e r a t i o n s  b y  a p p l y i n g  a number  o f  p h a r m a c o l o g i c a l  p r e p a r a t i o n s  [ 3 , 5 ,  
181. N a t u r a l l y ,  t h i s  l e d  u s  t o  c o n d u c t  e x a m i n a t i o n s  f o r  some o f  
t h e s e  m e t h o d s  on  p e o p l e .  

On t h e  b a s i s  o f  t h e  p h a r m a c o d y n a m i c s  o f  t h e  m e d i c a l  p r e p a r a 
t i o n s  a n d  t h e  mechan i sm o f  t h e  d i s o r d e r s  o c c u r r i n g  d u r i n g  a c c e l e r a 
t i o n ,  w e  f o u n d  i t  e x p e d i e n t  t o  u s e  s u b s t a n c e s  w h i c h  a f f e c t e d  v a r i o u s  
p a t h o g e n i c  l i n k s .  I n  o u r  s t u d i e s ,  w e  u s e d  c o m b i n a t i o n s  o f  s t r y c h 
n i n e  n i t r a t e ,  c a f f e i n e ,  a n d  p h e n a m i n e .  I n  t h i s  c a s e ,  we o b t a i n e d  
r e a s s u r i n g  r e s u l t s  w h i c h ,  i t  seems t o  u s ,  o p e n  up new o a t h s  f o r  
i n c r e a s i n g  t h e  a s t r o n a u t s '  r e s i s t a n c e  t o  t h e  e f f e c t  o f  a c c e l e r a t i o n s  
a f t e r  a l o n g  p e r i o d  s p e n t  u n d e r  c o n d i t i o n s  o f  w e i g h t l e s s n e s s .  

O b v i o u s l y ,  w e  c a n  c o n s i d e r  t h a t  p r o p e r l y - s e l e c t e d  p h y s i c a l  / l o 3  
e x e r c i s e s ,  as  w e l l  a s  c e r t a i n  p h a r m a c o l o g i c a l  p r e p a r a t i o n s ,  w i l l  
b e  u s e d  i n  p r a c t i c e  a b o a r d  f u t u r e  s p a c e  f l i g h t s .  

An a t t e m p t  t o  s t i m u l a t e  g e n e r a l  r e s e r v e s  o f  c o m p e n s a t o r y  
m e c h a n i s m s ,  by  u s i n g  v a r i o u s  n o n - s p e c i f i c  m e t h o d s ,  i s  n o  l e s s  i m 
p o r t a n t .  From t h i s  p o i n t  o f  v i e w ,  i t  i s  r e l e v a n t  t o  e x a m i n e  t h e  
p o s s i b i l i t y  o f  u s i n g  a c c l i m a t i z a t i o n  t o  h y p o x i a  as  a n o n - s p e c i f i c  
me thod  f o r  i n c r e a s i n g  m a n ' s  r e s i s t a n c e  t o  a c c e l e r a t i o n s .  

I t  i s  w e l l  known t h a t  a n i m a l s  a c c l i m a t e d  t o  t h e  c o n d i t i o n s  o f  
h y p o x i a  h a v e  i n c r e a s e d  r e s i s t a n c e  t o  a s h a r p  o x y g e n  d e f i c i e n c y ,  
p e n e t r a t i n g  r a d i a t i o n ,  t h e  t o x i c  e f f e c t  o f  p o i s o n s ,  e t c .  A t  p r e 
s e n t ,  t h e r e  i s  n o  s i n g l e  p o i n t  o f  v i e w  o n  t h e  mechan i sm o f  t h e  i n 
c r e a s e  i n  t h i s  n o n - s p e c i f i c  r e s i s t a n c e .  However ,  i t  i s  a c k n o w l e d g e d  
t h a t  s t i m u l a t i o n  o f  b l o o d - c i r c u l a t i o n ,  r e s p i r a t i o n ,  a n d  t h e  b l o o d  
s y s t e m ,  a s  w e l l  a s  t i s s u e  f a c t o r s ,  h a v e  c o n s i d e r a b l e  s i g n i f i c a n c e  
c 1 , 2 3 1 .  

A t  p r e s e n t ,  t h a n k s  t o  t h e  l a r g e  number  o f  s t u d i e s ,  it h a s  
b e e n  e s t a b l i s h e d  t h a t  d u r i n g  t h e  a c t i o n  o f  l o n g - p e r i o d  t r a n s v e r s e  
a c c e l e r a t i o n s ,  o n e  o f  t h e  p r i n c i p a l  p a t h o g e n e t i c  m e c h a n i s m s  i s  t h e  
d e v e l o p m e n t  of a n  o x y g e n  d e f i c i e n c y  w h i c h  h a s  a c i r c u l a t o r y  a n d  
h y p o x i c  n a t u r e  [ 2 , 6 , 1 2 - 1 4 ] .  T h e r e f o r e ,  w e  f i n d  i t  e x p e d i e n t  t o  
d e t e r m i n e  t h e  p o s s i b i l i t y  for u s i n g  a c c l i m a t i z a t i o n  t o  h igh-moun
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t a i n o u s  c o n d i t i o n s  as a me thod  o f  n o n - s p e c i f i c  t r a i n i n g  f o r  man,  
i n  o r d e r  t o  i n c r e a s e  h i s  a d a p t i v e  p o s s i b i l i t i e s  a n d ,  s u b s e q u e n t l y ,  
h i s  r e s i s t a n c e  t o  a number  o f  e x t r e m a 1  f l i g h t  f a c t o r s  ( a c c e l e r a 
t i o n s  i n  p a r t i c u l a r ) .  

T h e ’ s t u d i e s  were  c o n d u c t e d  o n  a n i m a l s  ( w h i t e  m i c e ,  r a t s ,  g u i n e a  
p i g s ,  r a b b i t s ) ,  a n d  y o u n g ,  h e a l t h y  p e o p l e  a l s o  p a r t i c i p a t e d .  H i g h l y -
q u a l i f i e d  m o u n t a i n  c l i m b e r s ,  who h a d  b e e n  u n d e r  h i g h - m o u n t a i n  c o n 
d i t i o n s  1 - 2  m o n t h s  o u t  o f  e v e r y  y e a r  f o r  more  t h a n  1 0  y e a r s ,  a n d  
a l s o  p e o p l e  who h a d  n o t  b e e n  t r a i n e d  f o r  h i g h  a l t i t u d e s ,  p a r t i c i 
p a t e d  i n  t h e  e x p e r i m e n t s .  

A d a p t a t i o n  t o  h y p o x i a  w a s  c a r r i e d  o u t  a t  t h e  h i g h - m o u n t a i n  
camp a t  T e r s k o l ,  a n d  i n  p r e s s u r e  c h a m b e r s .  V a r i o u s  s c h e m e s  o f  
n o n - c o n t i n u o u s  ( i n  a p r e s s u r e  c h a m b e r )  a n d  c o n t i n u o u s  a d a p t a t i o n  
on  a h i g h  m o u n t a i n  were  e v a l u a t e d .  The  person'.^ i n d i v i d u a l  r e 
s i s t a n c e  t o  t h e  e f f e c t  o f  a c c e l e r a t i o n s  i n  a c e n t r i f u g e  w a s  d e t e r 
m i n e d  i n  two  c o n t r o l  r o t a t i o n s  w i t h  m a x i m u m - e n d u r a b l e  v a l u e .  The 
“ c h e s t - b a c k l l  a c c e l e r a t i o n  was p r o d u c e d  w h i l e  t h e i r  c o u c h  w a s  t i l t e d  
a t  a n  a n g l e  o f  25O t o  t h e  ” h o r i z o n t a l ” .  

I n  e x p e r i m e n t s  w i t h  a n i m a l s ,  i t  w a s  e s t a b l i s h e d  t h a t  t h e  s u r 
v i v a l  r a t e  f o r  a c c l i m a t e d  w h i t e  m i c e ,  r a t s ,  a n d  g u i n e a  p i g s  d u r i n g  
t h e  a c t i o n  o f  l a r g e  a c c e l e r a t i o n s  w a s  1 . 5  - 2 t i m e s  h i g h e r  t h a n  f o r  
t h e  c o n t r o l  a n i m a l s .  T h i s  e f f e c t  w a s  p r e s e r v e d  f o r  t h e  f i r s t  two 
o r  t h r e e  w e e k s  a f t e r  t e r m i n a t i o n  o f  a c c l i m a t i z a t i o n .  

Breakdowns  i n  t h e  f u n c t i o n  o f  t h e  c a r d i a c  a c t i v i t y ,  a c c o r d i n g  
t o  d a t a  f r o m  e l e c t r o c a r d i o g r a m s ,  o c c u r r e d  l a t e r  f o r  t h e  e x p e r i - / l o 4  
m e n t a l  a n i m a l s ,  a n d  t h e y  w e r e  l e s s  p r o n o u n c e d .  

The  a n i m a l s ?  a c t i v e  a d a p t a t i o n  t o  h i g h - m o u n t a i n  c o n d i t i o n s  
d u r i n g  s y s t e m a t i c  p h y s i c a l  t r a i n i n g  w a s  more  e f f e c t i v e  t h a n  a p a s 
s i v e  s t a y  a t  a h i g h  a l t i t u d e .  I n  t h e  f i r s t  c a s e ,  t h e  s u r v i v a l  r a t e  
d u r i n g  t h e  e f f e c t  of  a c c e l e r a t i o n s  was 25% h i g h e r  t h a n  i n  t h e  s e c o n d .  

I n  t h e  s t u d i e s  w h e r e  p e o p l e  p a r t i c i p a t e d ,  i t  w a s  e s t a b l i s h e d  
t h a t  t h e  m o u n t a i n - c l i m b e r s ,  d e s p i t e  a l o n g  i n t e r v a l  a f t e r  t h e  l a s t  
t i m e  t h e y  were  i n  t h e  m o u n t a i n s  (10-11 m o n t h s ) ,  were  more  r e s i s t 
a n t  t o  a c c e l e r a t i o n s  t h a n  u n t r a i n e d  p e o p l e .  T h u s ,  w h i l e  t h e  l i m i t  
for t o l e r a n c e  t o  a n  a c c e l e r a t i o n  f o r  t h e  n o n - t r a i n e d  s u b j e c t s  a v e r 
a g e d  9 . 5  u n i t s ,  i t  w a s  1 1 . 0  u n i t s  f o r  t h e  m o u n t a i n - c l i m b e r s .  

A f t e r  s t a y i n g  a t  t h e  h i g h - m o u n t a i n  camp ,  t h e  mos t  p o s i t i v e  
e f f e c t  f r o m  t h e  p o i n t  o f  v i e w  o f  t o l e r a n c e  t o  a c c e l e r a t i o n s  w a s  ob
s e r v e d  d u r i n g  t h e  f i r s t  f e w  d a y s  ( 3  d a y s ) .  The r e s i s t a n c e  t o  a c c e l 
e r a t i o n s  i n c r e a s e d  by  2 2 . 4  t 0 . 2  u n i t s  f o r  t h e  u n t r a i n e d  p e o p l e ,  
a n d  somewhat  l e s s  f o r  t h e  m o u n t a i n - c l i m b e r s  ( b y  t 1 . 5  2 0 . 2  u n i t s ) .  
The  l e v e l  o f  r e s i s t a n c e  t o  a c c e l e r a t i o n s  d e c r e a s e d  by  0 . 6  - 0 . 8  u n i t s  
a f t e r  a m o n t h ,  b u t  i t  s t i l l  e x c e e d e d  t h e  o r i g i n a l  d a t a  by  t 1 . 3  - 2 . 0  
u n i t s .  
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D u r i n g  r o t a t i o n  i n  a c e n t r i f u g e  a f t e r  s t a y i n g  u n d e r  t h e  h i g h -
m o u n t a i n  c o n d i t i o n s ,  t h e  i n c r e a s e  i n  t h e  p u l s e  r a t e  w a s  4 - 30 
b e a t s / m i n ,  a n d  r e s p i r a t i o n  d e c r e a s e d  by  5-10  c y c l e s / m i n ,  i n  c o m p a r i 
s o n  w i t h  t h e  c o n t r o l  e x p e r i m e n t s .  I n  a number  o f  c a s e s ,  t h e  e f 
f e c t  o f  a c c e l e r a t i o n s  a f t e r  s t a y i n g  i n  a h i g h - m o u n t a i n  l o c a l i t y  w a s  
n o t  a c c o m p a n i e d  by b r e a k d o w n s  i n  t h e  r h y t h m  o f  t h e  c a r d i a c  a c t i v i t y ,  
w h i c h  h a d  b e e n  r e c o r d e d  f o r  t h e  same s u b j e c t  d u r i n g  t h e  c o n t r o l  
r o t a t i o n .  

T h e r e f o r e ,  a t  t h e  p r e s e n t  t i m e ,  t h e r e  h a v e  b e e n  f o u n d  c e r t a i n  
m e t h o d s  for n o n - s p e c i f i c  t r a i n i n g  a n d  d i r e c t e d  a c t i o n s  on human 
f u n c t i o n a l  sys- tems,  w h i c h  c a n  b e  u s e d  f o r  f u r t h e r  d e v e l o p m e n t  i n  
t h e  p r o c e s s  o f  p r e p a r i n g  a s t r o n a u t s  f o r  i n c r e a s i n g  t h e i r  r e s i s t a n c e  
t o  v a r i o u s  f l i g h t  f a c t o r s ,  i n c l u d i n g  a c c e l e r a t i o n s .  
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HUMAN PHYSIOLOGICAL REACTIOlJS DURING THE ACTION OF TRANSVERSE 
A C CELERAT I0NS FOLLOW I NG HY PODY14AM I A 

A . R .  K o t o v s k a y a ,  R . V .  V a r t b a r o n o v ,  a n d  S . F .  S i m p u r a  

ABSTRACT: The p h y s i o l o g i c a l  r e a c t i o n s  t o ,  and 
t o l e r a n c e  f o r  a c c e l e r a t i o n s  were s t u d i e d  i n  t e s t s  
on s u b j e c t s  f o l 2 o w i n g  hypodynamia wh ich  l a s t e d  
from 7 t o  2 0  d a y s .  Examina t ions  were  made o f  t h e  
b i o e 2 e c t r i c  a c t i v i t y  of t h e  h e a r t ,  t h e  c e r e b r a 2  
c o r t e x ,  t h e  f u n c t i o n  of e x t e r n a l  r e s p i r a t i o n ,  t h e  
a r t e r i a l  p r e s s u r e ,  and t h e  v i s u a l  f u n c t i o n .  The 
d e c r e a s e  i n  t o l e r a n c e  t o  a c c e l e r a t i o n s  i n  a21  
c a s e s  averaged  2 u n i t s ,  and d i d  n o t  depend o n  t h e  
d u r a t i o n  of hypodynamia.  F h y s i o  Zogica 1 r e a c t i o n s  
t o  aece  Z e r a t i o n s  were g r e a t e r  f o l l o w i n g  hypodynamia.  
The d e c r e a s e  i n  t o l e r a n e e  t o  a c c e Z e r a t i o n s  was 
caused  m a i n l y  by a d i s o r d e r  i n  t h e  r e g u l a t i o n  o f  
t h e  v a s c u l a r  t o n u s .  

The p r o b l e m  o f  human r e s i s t a n c e  t o  t h e  e f f e c t  o f  a c c e l e r a t i o n s  / l o 6  
f o l l o w i n g  w e i g h t l e s s n e s s  i s  now o n e  o f  t h e  c e n t r a l  p r o b l e m s  i n  s p a c e  
m e d i c i n e .  I n  f a c t ,  when c a r r y i n g  o u t  p r o g r a m s  f o r  s p a c e  r e s e a r c h ,  
w e  m u s t  know w h a t  e f f e c t  a l o n g  p e r i o d  o f  w e i g h t l e s s n e s s  c a n  h a v e  
on  a man,  d u r i n g  s p a c e  f l i g h t  a n d  a f t e r  r e t u r n  t o  t h e  E a r t h .  

The p r o p o s e d  m e t h o d s  f o r  p h y s i o l o g i c a l  s i m u l a t i o n  o f  c e r t a i n ,  
v e r y  i m p o r t a n t  e f f e c t s  o f  w e i g h t l e s s n e s s  ( s u c h  a s  i m m e r s i o n  i i l  w a t e r ,  
l e n g t h y  c o n f i n e m e n t  t o  b e d )  p r o v i d e  o n l y  p r e l i m i n a r y  a n s w e r s  t o  
c e r t a i n  q u e s t i o n s  r e g a r d i n g  t h i s  p r o b l e m .  I n  many s t u d i e s  b y  f o r e i g n  
a n d  S o v i e t  a u t h o r s ,  i t  h a s  b e e n  shown t h a t  t h e r e  i s  a d e c r e a s e  i n  
t h e  f u n c t i o n a l  a b i l i t i e s  o f  v a r i o u s  p h y s i o l o g i c a l  s y s t e m s  o f  a n  
o r g a n i s m  f o l l o w i n g  h y p o d y n a m i a  u n d e r  l a b o r a t o r y  c o n d i t i o n s .  I n  
p a r t i c u l a r ,  many a u t h o r s  [2,5,6,10,12,13,15,19,20] h a v e  o b s e r v e d  
a d e c r e a s e  i n  r e s i s t a n c e  t o  p h y s i c a l  s t r e s s  a n d  t o  a n  o r t h o s t a t i c  
t e s t  f o l l o w i n g  h y p o d y n a m i a  l a s t i n g  6 h o u r s  t o  4 w e e k s .  C e r t a i n  
r e s e a r c h e r s  a t t r i b u t e  g r e a t  s i g n i f i c a n c e  t o  a d e c r e a s e  i n  t h e  
volume o f  t h e  b l o o d  p l a s m a  a n d  t o  t h e  q u a n t i t y  o f  e l e c t o r l y t e s  
u n d e r  t h e s e  c o n d i t i o n s  [ 1 4 , 1 6 , 1 7 , 1 9 , 2 1 ] .  

The f l i g h t s  o f  S o v i e t  a n d  A m e r i c a n  a s t r o n a u t s  h a v e  shown t h a t  
a s i m i l a r  d e c r e a s e  i n  t h e  f u n c t i o n a l  a b i l i t i e s  o f  t h e  human o r g a n i s m  
a l s o  o c c u r s  u n d e r  t h e  c o n d i t i o n s  o f  a c t u a l  f l i g h t .  I n  p a r t i c u l a r ,  
i n  t h e  ca se  o f  A m e r i c a n  a s t r o n a u t s  i n  a s t a t e  o f  w e i g h t l e s s n e s s  f o r  
up  t o  8 d a y s ,  t h e r e  w a s  a d e c r e a s e  i n  o r t h o s t a t i c  s t a b i l i t y  a f t e r  
t h e  f l i g h t .  T h e  a v e r a g e  l e n g t h  o f  t h e  r e c o v e r y  p e r i o d  o f  o r t h o 
s t a t i c  t o l e r a n c e  w a s  4 7  h o u r s  a n d  t h e  maximum was 1 0 4  h o u r s .  More
o v e r ,  t h e  a s t r o n a u t s  C o o p e r  a n d  C o n r a d ,  d u r i n g  t h e i r  8-d.ay f l i g h t ,  
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showed a n  i n c r e a s e  i n  t h e  amount  of e r y t h r o c y t e s ,  w i t h  a d e c r e a s e  
i n  t h e  p l a s m a  v o l u m e ,  a d e c r e a s e  i n  t h e  c a l c i u m  i n  t h e  b o n e s ,  a n d  
t h e  a p p e a r a n c e  o f  edema i n  t h e  l e g  r e g i o n  [ll]. The phenomena  o f  
d e c a l c i n a t i o n  a n d  edema o f  t h e  l e g s  w a s  a l s o  o b s e r v e d  i n  t h e  p r e v i o u s  
f l i g h t s . o f  Cooper  a n d  S c h i r r a  1 2 2 1 . '  

A f t e r  t h e  f l i g h t s  o f  S o v i e t  a s t r o n a u t s  on  c r a f t  o f  " V o s t o k "  a n d  
"Voskhod"  t y p e ,  f u n c t i o n a l  c a r d i o v a s c u l a r  t e s t s  ( p a s s i v e  o r t h o s t a t i c  
t e s t ,  t e s t  w i t h  m e a s u r e d  s t r e s s )  i n  a number o f  c a s e s  r ' e v e a l e d  
c e r t a i n  f e a t u r e s  o f  t h e  p h y s i o l o g i c a l  r e a c t i o n s .  T h u s ,  f o r  e x a m p l e ,  
i n  t h e  c a s e  o f  t h e  a s t r o n a u t s  P .  P o p o v i c h ,  V .  T e r e s h k o v a ,  a n d  V .  
B y k o v s k i y ,  t h e  i n c r e a s e  i n  t h e  p u l s e  r a t e  f o r  p h y s i c a l  s t r e s s  a f t e r  /lo7 

t h e  f l i g h t  w a s  somewhat  g r e a t e r ,  a n d  t h e  p e r i o d  o f  r e c o v e r y  t o  t h e  

o r i g i n a l  l e v e l  l a s t e d  l o n g e r ,  t h a n  b e f o r e  t h e  f l i g h t  [ 3 ,  8 1 .  For 

K .  F e o t i s t o v  a n d  B .  Y e g o r o v ,  i t  w a s  n o t e d  d u r i n g  t h e  s t r e s s  t h a t  

t h e r e  w a s  a d e c r e a s e  i n  t h e  b e a t  a n d  m i n u t e  v o l u m e s  by  26-47%, a n d  

a d e c r e a s e  i n  t h e  p u l s e  p r e s s u r e  by 10-24 mm Hg [ 4 ] .  


We h a v e  r e a s o n  t o  a s s u m e  t h a t  t h e  m o s t  p r o b a b l e  c a u s e  for t h e  
a p p e a r a n c e  o f  t h e  a b o v e - d e s c r i b e d  c h a n g e s  i s  t h e  f a c t o r  o f  t o l e r a n c e .  
N a t u r a l l y ,  i n  t h i s  c a s e  we c a n n o t  d i s r e g a r d  t h e  e t i o l o g i c a l  r o l e  o f  
e m o t i o n a l  s t r e s s ,  t h e  e f f e c t  o f  p o s i t i o n ,  a n d  o t h e r  f a c t o r s  o f  s p a c e  
f l i g h t .  However ,  t h e  c o n f o r m i t y  of t h e  p h y s i o l o g i c a l  s i g n s  c h a r 
a c t e r i z i n g  t h e  s t a t e  o f  a human u n d e r  t h e  c o n d i t i o n s  o f  hypodynamia  
a n d  w e i g h t l e s s n e s s  f a v o r  t h e  a s s u m p t i o n  w h i c h  we h a v e  g i v e n .  

We a r e  o f  t h e  o p i n i o n  t h a t ,  i n  v i e w  o f  m a n ' s  f u t u r e  c o n q u e s t  
o f  o u t e r  s p a c e ,  s u b s t a n t i a l  s i g n i f i c a n c e  s h o u l d  b e  g i v e n  t o  t h e  
d i r e c t  e f f e c t  o f  t h e  w e i g h t l e s s n e s s  f a c t o r .  I n  t h i s  c a s e ,  n o t  o n l y  
t h e  e f f e c t s  r e l a t e d  t o  m a n ' s  t r a n s i t i o n  t o  n o r m a l  g r a v i t a t i o n  on 
t h e  E a r t h ,  b u t  a l s o  h i s  t o l e r a n c e  t o  a c c e l e r a t i o n s  ( w h i c h  c a n  r e a c h  
h i g h  v a l u e s  d u r i n g  l a n d i n g )  a r e  of p a r t i c u l a r  s i g n i f i c a n c e .  

Data on human t o l e r a n c e  t o  a c c e l e r a t i o n  f o l l o w i n g  w e i g h t l e s s 
n e s s  w e r e  o b t a i n e d  f o r  o r b i t a l  f l i g h t s  w h i c h  l a s t e d  f r o m  o n e  t o  
f i v e  d a y s  [ l] .  I n  p a r t i c u l a r ,  a n  a n a l y s i s  o f  t h e  i n c r e a s e  i n  t h e  
r a t e  o f  h e a r t  c o n t r a c t i o n s  d u r i n g  t h e  e f f e c t  o f  a c c e l e r a t i o n  for 
t h e  l a n d i n g  s e g m e n t  o f  t h e  f l i g h t  showed , t h e  f o l l o w i n g :  F o l l o w i n g  
a s t a t e  o f  w e i g h t l e s s n e s s  f o r  o n e  d a y ,  t h e  i n c r e a s e  i n  t h e  p u l s e  
r a t e  f o r  4 a s t r o n a u t s ,  i n  c o m p a r i s o n  w i t h  t h e  d a t a  f r o m  a c e n t r i 
f u g e ,  a v e r a g e s  t10 b e a t s / m i n ,  w i t h  e x t r e m e  v a l u e s  f r o m  + 3  t o  + 2 2  
b e a t s / m i n .  A f t e r  f l i g h t s  w h i c h  l a s t e d  3 - 4  d a y s ,  t h e  i n c r e a s e  i n  
t h e . r a t e  o f  h e a r t  c o n t r a c t i o n s  f o r  3 a s t r o n a u t s  w a s  30-32  b e a t s /  
m i n ,  a n d  a f t e r  a 5 -day  f l i g h t ,  i t  a c h i e v e d  a maximum v a l u e  o f  62 
b e a t s / m i n .  

T h e s e  d a t a  show a d e f i n i t e  d e c r e a s e  i n  human t o l e r a n c e  t o  
a c c e l e r a t i o n s ,  shown by t h e  i n c r e a s e  i n  p u l s e  r a t e  r e l a t i v e  t o  
c e n t r i f u g e  c o n d i t i o n s .  

However ,  a t  t h e  p r e s e n t  t i m e  we c a n n o t  a n s w e r  q u e s t i o n s  r e l a t e d  
t o  t h e  c h a n g e  i n  r e s i s t a n c e  t o  a c c e l e r a t i o n s  f o r  l o n g e r  p e r i o d s  of 
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t i m e  d u r i n g  s p a c e  f l i g h t s .  I n  t h i s  r e g a r d ,  c e r t a i n  a u t h o r s  h a v e  
r e c e n t l y  b e g u n  t o  c o n d u c t  s t u d i e s  e x a m i n i n g  t h e  e f f e c t  o f  a l o n g  
p e r i o d  o f  h y p o k i n e s i s  o n  human t o l e r a n c e  t o  t r a n s v e r s e  a c c e l e r a t i o n s .  

M i l l e r  a n d  L e v e r e t t  [ 1 8 ]  s t u d i e d  t h e  e f f e c t  o f  t r a n s v e r s e  a c c e l 
e r a t i o n s ,  w i t h  a l a n d i n g  p r o f i l e  f o r  t h e  "Gemini"  c r a f t  ( p e a k  o f  
1 0 . 6  u n i t s )  i n  22 s u b j e c t s ,  a f t e r  t h e y  were c o n f i n e d  t o  b e d  f o r  f o u r  
w e e k s .  I n  t h i s  c a s e ,  t h e  a u t h o r s  d i d  n o t  s u c c e e d  i n  f i n d i n g  a r e 
l i a b l e  d i f f e r e n c e  i n  t h e  l e v e l  o� i n d i v i d u a l  t o l e r a n c e ,  i n d i c a t e d  
by  d i s o r d e r s  i n  t h e  c e n t r a l  v i s i o n .  A t  t h e  same t i m e ,  t h e  p u l s e  / l o 8  
r a t e  a t  t h e  p e a k  a c c e l e r a t i o n  i n c r e a s e d  o n  t h e  a v e r a g e  by  + 3 5  2 20 
b e a t s / m i n ,  i n  c o m p a r i s o n  w i t h  c o n t r o l  r o t a t i o n s .  

I n  o u r  p r e v i o u s  s t u d i e s  [ 7 ] ,  w e  showed t h e  c h a n g e  i n  t o l e r a n c e  
t o  t r a n s v e r s e  a c c e l e r a t i o n s  a f t e r  2 0  d a y s  o f  c o n f i n e m e n t  t o  b e d .  
The maximum t i m e  f o r  t o l e r a n c e  t o  a c c e l e r a t i o n s  o f  7 u n i t s  a f t e r  
h y p o k i n e s i a  i n  c e r t a i n  ca ses  d e c r e a s e d  t o  4-6 s e c ,  w i t h  4-5 min f o r  
t h e  c o n t r o l  r o t a t i o n .  M o r e o v e r ,  w e  n o t e d  g r e a t  c h a n g e s  o n  t h e  p a r t  
o f  t h e  i n d i c e s  f o r  t h e  c a r d i o v a s c u l a r  a n d  r e s p i r a t i o n  s y s t e m s  d u r i n g  
r o t a t i o n  f o l l o w i n g  h y p o k i n e s i a  ( i n  c o m p a r i s o n  w i t h  c o n t r o l s ) ,  s l o w e r  
r e c o v e r y  d u r i n g  t h e  s u b s e q u e n t  p e r i o d ,  a more  p r o n o u n c e d  d e c r e a s e  
i n  v i s u a l  a c u i t y ,  a n d  a w o r s e n i n g  o f  f e e l i n g .  

The p u r p o s e  o f  t h e s e  s t u d i e s  w a s  t o  e x a m i n e  t h e  e f f e c t  o f  a 
l o n g  p e r i o d  o f  h y p o d y n a m i a  o n  human r e s i s t a n c e  t o  t r a n s v e r s e l y -
d i r e c t e d  a c c e l e r a t i o n s .  I n  o r d e r  t o  d e t e r m i n e  t h e  t o l e r a n c e ,  w e  u s e d  
t h e  e f f e c t  o f  a p e a k  a c c e l e r a t i o n  w i t h  a c o n s t a n t  r a t e  o f  i n c r e a s e  
( 0 . 2  u n i t s / s e c )  u n t i l  t h e  a p p e a r a n c e  o f  t h e  f i r s t  s i g n s  o f  f u n c t i o n a l  
d i s o r d e r s  on  t h e  p a r t  o f  a n  o r g a n i s m ' s  p h y s i o l o g i c a l  s y s t e m s .  The 
b a c k  o f  t h e  s e a t  w a s  t i l t e d  f r o m  a " h o r i z o n t a l "  p o s i t i o n  t o  a n g l e s  
o f  loo a n d  25O. 

For a n  o b j e c t i v e  a n a l y s i s  o f  t h e  e x a m i n e e ' s  c o n d i t i o n  d u r i n g  
a c c e l e r a t i o n s ,  a n d  a l s o  b e f o r e  a n d  a f t e r  t e r m i n a t i o n  o f  t h e  a c c e l 
e r a t i o n ,  we made r e c o r d i n g s  o f  t h e  e l e c t r o c a r d i o g r a m  i n  3 i n t e r v a l s  
a c c o r d i n g  t o  Nebbe ,  as  w e l l  a s  t h e  r a t e  o f  r e s p i r a t i o n ,  t h e  maximum 
a r t e r i a l  p r e s s u r e  i n  t h e  b r a c h i a l  v e s s e l s  a n d  t h e  e a r l o b e ,  t h e  e l e c 
t r o e n c e p h a l o g r a m ,  a n d  t h e  l a t e n t  p e r i o d  f o r  s i m p l e  s e n s o r y  a n d  m o t o r  
r e a c t i o n s  t o  l i g h t ;  w e  d e t e r m i n e d  t h e  v i s u a l  a c u i t y ,  a n d  i n  some c a s e s  
t h e  r e s p i r a t i o n  v o l u m e .  The e l e c t r o e n c e p h a l o g r a m  w a s  r e c o r d e d  i n  two  
f r o n t o - p a r i e t a l  a n d  2 u n i p o l a r  i n t e r v a l s  ( f r o n t a l  a n d  p a r i e t a l  t o  
t h e  l e f t ) .  The r e s t  o f  t h i s  s t u d y  me thod  d i d  n o t  d i f f e r  f r o m  t h e  
o n e  d e s c r i b e d  p r e v i o u s l y  [ 7 ] .  

The p r i n c i p a l  c r i t e r i o n  f o r  c a l c u l a t i n g  human t o l e r a n c e  t o  
a c c e l e r a t i o n  w a s  t h e  c h a n g e  i n  t h e  maximum e n d u r a b l e  v a l u e  f o r  a c c e l 
e r a t i o n ,  t h e  c h a n g e s  i n  t h e  i n d i c e s  o f  t h e  p r i n c i p a l  p h y s i o l o g i c a l  
f u n c t i o n s ,  a n d  t h e  l e n g t h  o f  t i m e  f o r  t h e i r  r e c o v e r y  d u r i n g  t h e  
s u b s e q u e n t  p e r i o d .  

Ten  s u b j e c t s  p a r t i c i p a t e d  i n  t h e  s t u d i e s .  They  u n d e r w e n t  p r e 
l i m i n a r y  c l i n i c a l  o b s e r v a t i o n s .  The l e n g t h  o f  t i m e  f o r  h y p o d y n a m i a  
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( s t r i c t  c o n f i n e m e n t  t o  b e d )  v a r i e d  f r o m  7 t o  20 d a y s  ( T a b l e  1). The 
s u b j e c t s  were  d i v i d e d  i n t o  two  g r o u p s :  f o r  6 s u b j e c t s ,  t h e  t o l e r a n c e  
t o  a c c e l e r a t i o n s  w a s  d e t e r m i n e d  �or a s e a t - b a c k  t i l t e d  a t  a n  a n g l e  
o f  l o o ;  f o r  4 s u b j e c t s ,  t h e  s e a t  w a s  t i l t e d  a t  a n . a n g l e  o f  25O. The  
t o l e r a n c e  t o  a c c e l e r a t i o n  w a s  d e t e r m i n e d  b e f o r e  h y p o k i n e s i s  ( c o n t r o l )  
r o t a t i o n s )  a n d  a f t e r  i t .  The  a v e r a g e  v a l u e  f o r  t h e  maximum e n d u r a b l e  
a c c e l e r a t i o n  w a s  h i g h e r  �or t h o s e  i n  t h e  f i r s t  g r o u p  t h a n  f o r  t h o s e  
i n  t h e  s e c o n d  ( e r r o r  l e s s  t h a n  1%).T h i s  r e l a t i o n s h i p  w a s  a l s o  ob
t a i n e d  a f t e r  h y p o d y n a m i a .  However ,  t h e  a v e r a g e  v a l u e s  f o r  t h e  d e - / l o 9  
c r e a s e  i n  t o l e r a n c e  t o  a c c e l e r a t i o n s  f o l l o w i n g  h y p o d y n a m i a  among 
t h o s e  i n  t h e  s e c o n d  g r o u p  d i d  n o t  show s t a t i s t i c a l  r e l i a b l e  d i f f e r 
e n c e s  ( T a b l e  1). 

T A B L E  1 

~~~ ~~cC H A N G E  I-N -TOL_EERA.NCE. TO A C C E L - E - R A T I O N  . F O L L O W I N G - _HY-PO-DYNAMIA 
I 

S u b j  . 'd
E 
V 

(d 

.a 
~ 

- 0  --I 1 2 . 0  -7


b-n  ! 8 1 25 .9 . 5-. i 

G-v 9 ' 25 11.0. ;b i 1 0 . 2  
1 

_ -

Endurs a b l e  C r i t e r i o n  F o r  T o l e r a n c e  
l a t i o n  , u n i t s  . . 

A f t e r  B e f o r e  
HYP OdY - Dif fe r  Hypodynamia  

A f t e r  
H y p o d y na m  ia 

n a m i a  e n c e  _ _  
9 . 8- - 2 . 2  Blumed V i s i o n  B l a c k - o u t  

1 2 . 9  -1.1 D i f f .  in Breath irg D e .  in-thirg 

1 2 . 0  - 2 . 0  Blurred V i s i o n  Blurred V i s i o n  

11.0 -4.0 D i f f .  in M t h i r g  B l u r r e d  
E BlurredVision V i s i o n- . 

11.8 - 2 . 2  E x t r a s y s t o l e  Blurred V i s i o n  

1 2 . 3  - 1 . 5  D i f f .  in h t h i n g  Blurred V i s i o n  

7 . 8  1 - 1 . 7  Blurre3 V i s i o n  B l m d  V i s i o n  

9 . 0  
t 
1: - 2 . 0  Blur& V i s i o n  D i f f .  k~�k?aWhg 

9 . 0  '-1.2 

b-n  1 1 2  25 9 . 0 .  : - 6 . 8  - 2 . 2 -

N o t e :  n i s  t h e  Number o f  C a s e s .  

Blurred V i s i o n  	 , B l a c k - o u t  f o r  
, 9  units ,synccp 

Bl& V i s i o n  B l a c k - o u t  

I n  m a k i n g  a c o m p a r i s o n  w i t h  t h e  d u r a t i o n  o f  h y p o d y n a m i a ,  w e  
d i d  n o t  s u c c e e d  i n  f i n d  a r e l i a b l e  c o r r e l a t i o n  ( R  = 0 . 2 )  b e t w e e n  
t h e  d u r a t i o n  o f  h y p o d y n a m i a  a n d  t h e  d e g r e e  o f  i n c r e a s e  i n  t o l e r a n c e  
t o  a c c e l e r a t i o n s .  A s  we c a n  s e e  f r o m  T a b l e  1, f o r  t h e  s u b j e c t  S h - k ,  
who w a s  s u b j e c t e d  t o  h y p o d y n a m i a  f o r  t h e  s h o r t e s t  l e n g t h  o f  t i m e ,  
t h e  d e c r e a s e  i n  t o l e r a n c e  ( - 2 . 2  u n i t s )  w a s  g r e a t e r  t h a n  f o r  t h e  
s u b j e c t  G - a ,  who e n d u r e d  h y p o d y n a m i a  f o r  20 d a y s  ( - 1 . 5  u n i t s ) .  
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The d e c r e a s e  i n  r e s i s t a n c e  t o  a c c e l e r a t i o n s  w a s  c o r r e l a t e d  w i t h  
s u b j e c t i v e  s e n s a t i o n s .  T h u s ,  a f t e r  h y p o k i n e s i a ,  e x p e r i m e n t a l  r o - /110 
t a t i o n s  i n  s e v e n  o u t  o f  t h e  t e n  cases  w e r e  e n d u r e d  w i t h  more  d i f 
f i c u l t y  ( s u b j e c t i v e l y )  t h a n  i n  t h e  c o n t r o l s ,  d e s p i t e  t h e  l e s s e r  
v a l u e  f o r  t h e  a c c e l e r a t i o n  a c h i e v e d .  

For t h e  e f f e c t  o f  a n  a c c e l e r a t i o n ,  b e f o r e  h y p o k i n e s i a ,  c h a r a c 
t e r i s t i c  c h a n g e s  i n  t h e  e l e c t r o c a r d i o g r a m  were  o b s e r v e d  i n  a l l  c a s e s :  
a g e n e r a l  d e c r e a s e  i n  t h e  v o l t a g e  o f  t h e  waves  a n d  a n  i n c r e a s e  i n  
t h e  s y s t o l i c  i n d i c a t o r  t o  5 4 - 5 8 %  b e c a u s e  o f  a r e l a t i v e  l e n g t h e n i n g  
o f  t h e  e l e c t r i c  s y s t o l e ;  i n  a number  o f  c a s e s ,  t h e r e  w e r e  d i s o r d e r s  
i n  t h e  r h y t h m ,  i n  t h e  f o r m  o f  e x t r a s y s t o l e  a n d  r e l a t i v e  b r a d y c a r d i a  
( T a b l e  2 ) .  

I n  t h e  i n i t i a l  s t a t e ,  c h a n g e s  were  n o t e d  i n  t h e  e l e c t r o c a r d i o 
gram a f t e r  h y p o k i n e s i a :  a d e c r e a s e  i n  t h e  v o l t a g e  o f  t h e  waves  b y  
a f a c t o r  o f  two  or m o r e ,  a n  i n c r e a s e  i n  t h e  s y s t o l i c  i n d i c a t o r  by 
1 1 - 2 3 %  i n  c o m p a r i s o n  w i t h  t h e  c o n t r o l  ( o b v i o u s l y  l i n k e d  w i t h  c o n 
s i d e r a b l e  n a r r o w i n g  o f  t h e  R-R i n t e r v a l ) ,  i n  some c a s e s  a c o m p r e s 
s i o n  or e l e c t r o n e g a t i v i t y  o f  t h e  T wave ( g r e a t e r  i n  t h e  f i r s t  i n t e r 
v a l ) .  T h e s e  c h a n g e s  a r e  o b v i o u s l y  r e l a t e d  t o  t h e  e f f e c t s  o f  hypo
d y n a m i a .  We also c a n n o t  d i s r e g a r d  t h e  a d d i t i o n a l  e f f e c t  o f  e m o t i o n 
a l  e x c i t a t i o n  o n  t h e  v a l u e  o f  t h e  R-R i n t e r v a l  a n d  t h e  s y s t o l i c  i n 
d i c a t o r  d u r i n g  r o t a t i o n .  

I n  a n a l y z i n g  t h e  c h a r a c t e r i s t i c s  o f  t h e  p h y s i o l o g i c a l  r e a c t i o n s  
c a u s e d  by t h e  e f f e c t  o f  a n  a c c e l e r a t i o n  f o l l o w i n g  h y p o k i n e s i a ,  t h e  
mos t  t y p i c a l  f e a t u r e  w a s  a n  i n c r e a s e  i n  t h e  r e c o v e r y  p e r i o d  a n d  a 
c h a n g e  i n  s e v e r a l  c h a r a c t e r i s t i c s  ( p u l s e  r a t e ,  e x t e r n a l  r e s p i r a t i o n ,  
e l e c t r o e n c e p h a l o g r a m ,  e t c . ) .  I n  a l l  t h e  c a s e s ,  t h e  p u l s e  r a t e  
d u r i n g  t h e  e f f e c t  o f  a n  a c c e l e r a t i o n  w i t h  o n e  a n d  t h e  s a m e  v a l u e  
w a s  h i g h e r  a f t e r  h y p o d y n a m i a  t h a n  i n  t h e  c o n t r o l .  T h u s ,  for a n  
a c c e l e r a t i o n  o f  8-9 u n i t s ,  t h e  a v e r a g e  p u l s e  r a t e  a f t e r  h y p o k i n e s i a  
was 1 6 8  + 1 2 ,  w i t h  1 5 0  -+ 1 2  b e a t s / m i n  for t h e  c o n t r o l  r o t a t i o n .-

A f t e r  h y p o k i n e s i a ,  t h e  v a l u e  for t h e  c o m p r e s s i o n  o f  t h e  T wave 
d u r i n g  r o t a t i o n  r e m a i n e d  p r a c t i c a l l y  c o n s t a n t  i n  c o m p a r i s o n  t o  t h e  
c o n t r o l  r o t a t i o n .  I n  o n e  case  (Kh-v I I ) ,  t h e r e  w a s  i n t e n s i f i c a t i o n  
o f  t h e  e l e c t r o n e g a t i v i t y  o f  t h e  T I I  w a v e .  The s y s t o l i c  i n d i c a t o r  
i n c r e a s e d  i n  a l l  c a ses  up t o  7 0 - 8 3 % .  T h i s  i n c r e a s e  w a s  c a u s e d  ma in 
l y  b y  a more  s i g n i f i c a n t  c o n t r a c t i o n  o f  t h e  R-R i n t e r v a l .  I n  o n l y  
o n e  c a s e ,  a f t e r  h y p o k i n e s i a  f o r  1 5  d a y s ,  t h e r e  w a s  a l s o  a n  i n c r e a s e  
i n  t h e  s y s t o l i c  i n d i c a t o r  d u r i n g  a c c e l e r a t i o n  b e c a u s e  o f  a l e n g t h e n 
i n g  o f  t h e  e l e c t r i c  s y s t o l e ,  n o t  c o r r e s p o n d i n g  t o  t h e  g i v e n  p u l s e  
r a t e  f o r  0 . 0 7 - 0 . 0 9  s e c  ( i n s t e a d  o f  0 . 0 3  - 0 . 0 6  s e c  i n  t h e  c o n t r o l ) .  

The  s y s t o l i c  a r t e r i a l  p r e s s u r e  i n  t h e  b r a c h i a l  v e s s e l s  ( m e a s u r e d  
d u r i n g  a c t i o n  o f  a n  a c c e l e r a t i o n  i n  2 s u b j e c t s  i n  3 e x p e r i m e n t s )  
r e m a i n e d  a t  l o w e r  v a l u e s  a f t e r  h y p o k i n e s i a  t h a n  i n  t h e  c o n t r o l s .  
The maximum p r e s s u r e  i n  t h e  v e s s e l s  of  t h e  e a r l o b e  d u r i n g  t h e  c o n t r o l  
r o t a t i o n  i n c r e a s e d  i n  2 o u t  o f  3 c a s e s ,  w h i l e  i t  d e c r e a s e d  i n  a l l  
ca ses  a f t e r  h y p o k i n e s i a ,  d e s p i t e  t h e  l o w e r  v a l u e s  f o r  t h e  maximum 
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a c c e l e r a t i o n  a c h i e v e d .  The  s y s t o l i c  a n d  d i a s t o l i c  p r e s s u r e  i n  t h e  
b r a c h i a l  v e s s e l s  w a s  d e t e r m i n e d  i n  7 s u b j e c t s  f o l l o w i n g  t h e  e f f e c t  /112 
o f  a c c e l e r a t i o n s .  I n  t h r e e  c a s e s ,  t h e  d i a s t o l i c  p r e s s u r e  t e n d e d  
t o  i n c r e a s e  b y  1 0 - 3 5  m m  Hg. I n  f i v e  c a s e s ,  t h e r e  w a s  a n  e v e n  g r e a t e r  
i n c r e a s e  i n  t h e  s y s t o l i c  p r e s s u r e .  I n  o n l y  o n e  case  d i d  t h e  s y s t o l i c  
a n d  d i a s t o l i c  p r e s s u r e s  r e m a i n  a t  l o w e r  v a l u e s  ( - 1 0  -15  m m  H g ) .  The  
r e c o v e r y  p e r i o d  for t h e  c a r d i o v a s c u l a r  c h a r a c t e r i s t i c s  i n c r e a s e d  
f o l l o w i n g  h y p o k i n e s i a  i n  a l l  ca ses  by  1 5 - 5 1  m i n ,  i n  c o m p a r i s o n  w i t h  
t h e  c o n t r o l  r o t a t i o n .  

The l a t e n t  p e r i o d  f o r  s i m p l e  s e n s o r y  r e a c t i o n  t o  
t h e  e f f e c t  o f  a c c e l e r a t i o n  f o l l o w i n g  h y p o k i n e s i a  d i d  
s t a n t i a l l y  f r o m  t h e  c o n t r o l .  

Hypodynamia ,days  

F i g .  1. V i s u a l  T r o u b l e s  i n  
S u b j e c t s  d u r i n g  E f f e c t  o f  
A c c e l e r a t i o n s  F o l l o w i n g  
Hypodynamia  o f  V a r y i n g  L e n g t h .  
The Upper  C i r c l e s  D e n o t e  t h e  
C o n t r o l  D a t a ;  t h e  Lower Ones  
D e n o t e  t h e  Data O b t a i n e d  A f t e r  
Hypodynamia .  (1) N o  V i s u a l  
T r o u b l e s ;  ( 2 )  B l u r r e d  V i s i o n ;  
( 3 1 B l a c k - o u t .  

e f f e c t  o f  a c c e l e r a t i o n s  f r o m  6 
i n c r e a s e d  b v  50% i n  c o m p a r i s o n  

A s i g n i f i c a n t  
v i s u a l  a c u i t y ,  a n d  
o f  v i s u a l  t r o u b l e s  

l i g h t  d u r i n g  
n o t  d i f f e r  s u b 

d e c c e a s e  i n  t h e  
t h e  a p p e a r a n c e  
( i n  t h e  f o r m  

of b l u r r e d  v i s i o n  a n d  b l a c k - o u t ) ,  
i n  a l l  ca ses  f o l l o w i n g  h y p o k i n e s i a ,  
o c c u r r e d  f o r  v a l u e s  o f  t h e  a c c e l 
e r a t i o n s  w h i c h  w e r e  2 . 5  + 1.1 u n i t s  
l e s s  t h a n  i n  t h e  c o n t r o l - r o t a t i o n .  
I n  t h i s  c a s e ,  t h e  l e v e l  o f  v i s u a l  
t r o u b l e s  i n  4 o u t  o f  8 ca ses  w a s  
i n t e n s i f i e d  a t  t h e  p e a k  a c c e l e r a 
t i o n  ( F i g .  1). 

A s  f o r  t h e  e x t e r n a l  r e s p i r a 
t i o n ,  t h e  f o l l o w i n g  c h a n g e s  w e r e  
o b s e r v e d  d u r i n g  t h e  e f f e c t  o f  a c c e l 
e r a t i o n s :  A c c o r d i n g  t o  t h e  s u b j e c 
t i v e  d a t a ,  b r e a t h i n g  became i n t e n 
s i f i e d  a n d  d i f f i c u l t  d u r i n g  t h e  
a c t i o n  o f  a c c e l e r a t i o n .  I n  c e r t a i n  
c a s e s ,  t h i s  w a s  o n e  o f  t h e  r e a s o n s  
f o r  t e r m i n a t i n g  t h e  e x p e r i m e n t .  

The g e n e r a l  p i c t u r e  f o r  t h e  
c h a n g e  i n  t h e  a v e r a g e  r a t e  o f  r e s 
p i r a t i o n  b e f o r e  a n d  a f t e r  hypo
k i n e s i a  i s  shown i n  F i g u r e  2 .  I f ,  
i n  t h e  c o n t r o l  r o t a t i o n  d u r i n g  t h e  

t o  9 u n i t s ,  t h e  r a t e  o f  r e s p i r a t i o n  
t o  t h e  o r i g i n a l  ( t a k e n  as  1 0 0 % ) .  t h e n-

a f t e r  h y p o k i n e s i a  t h i s  i n c r e a s e  w a s  e q u a l  t o  1 1 4 % .  The g r e a t e s t  
i n c r e a s e  i n  t h e  r a t e  o f  r e s p i r a t i o n  o c c u r r e d  a f t e r  t e r m i n a t i n g  t h e  
a c t i o n  of a n  a c c e l e r a t i o n  w h i c h  h a d  maximum v a l u e .  I n  t h i s  c a s e ,  
t h e  r a t e  o f  i n c r e a s e  w a s  much h i g h e r ;  a t  a l e v e l  f r o m  11 t o  7 u n i t s ,  
i t  w a s  7 0 %  i n  t h e  c o n t r o l  r o t a t i o n  a n d  1 5 0 %  a f t e r  h y p o k i n e s i a .  The  
p u l m o n a r y  v e n t i l a t i o n  a n d  r e s p i r a t i o n  vo lume  were  m e a s u r e d  f o r  3 
s u b j e c t s  (Kh-v I ,  B-y ,  a n d  L - y ) .  
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The p a r t i c u l a r  f e a t u r e  o f  t h e  d y n a m i c s  f o r  t h e  c h a n g e s  i n  t h e s e  
c h a r a c t e r i s t i c s  w a s  t h a t  t h e  c u r v e s ,  i n  a l l  t h e  c a s e s ,  h a d  a two-
hump c h a r a c t e r  ( F i g .  3 ) .  A t  t h e  b e g i n n i n g  o f  t h e  a c t i o n  o f  a n  a c c e l 
e r a t i o n  i n  t h e  c o n t r o l  r o t a t i o n ,  t h e r e  w a s  a n  i n c r e a s e  i n  t h e  p u l - /113 
monary  v e n t i l a t i o n  b e c a u s e  o f  a n  i n c r e a s e  i n  t h e  r e s p i r a t i o n  volume 
a s  w e l l  as t h e  r a t e  o f  r e s p i r a t i o n .  I n  a c h i e v i n g  a maximum v a l u e  
f o r  t h e  a c c e l e r a t i o n ,  t h e r e  w a s  a d e c r e a s e  i n  t h e  v a l u e  f o r  p u l m o n a r y  
v e n t i l a t i o n ,  w i t h  a r a t h e r  h i g h  r e s p i r a t i o n  r a t e .  The s e c o n d  maximum 
i n c r e a s e  i n  t h e  c h a r a c t e r i s t i c s  o f  t h e  e x t e r n a l  r e s p i r a t i o n  w a s  ob 
s e r v e d  d u r i n g  d e s c e n t ,  a n d  e x c e e d e d  t h e  i n i t i a l  a s c e n t  i n  v a l u e .  
I n  t h i s  c a s e ,  i n t e n s i f i c a t i o n  o f  t h e  p u l m o n a r y  v e n t i l a t i o n  a l s o  
o c c u r r e d  p r i m a r i l y  b e c a u s e  
h y p o k i n e s i a ,  t h e  c h a r a c t e r  
a t i o n  d i d  n o t  c h a n g e  d u r i n g  
b e g i n n i n g  o f  t h e  a c t i o n  o f  

% 

220 -

o f  t h e  r e s p i r a t i o n  v o l u m e .  F o l l o w i n g  
o f  t h e s e  c h a n g e s  f o r  t h e  e x t e r n a l  r e s p i r 

t h e  e f f e c t  o f  a n  a c c e l e r a t i o n .  A t  t h e  
a n  a c c e l e r a t i o n ,  t h e r e  w a s  a n  i n c r e a s e  /114 

p u l m o n a r y  v e n t i l a t i o n  by 3 . 3  
t i m e s ,  a n d  i n  t h e  r e s p i r a t i o n  
vo lume  by  2 . 2  t i m e s ,  i n  c o m p a r i 
s o n  w i t h  t h e  c o n t r o l .  However ,  
t h e  l e v e l  o f  t h e  c u r v e s  i n c r e a s e d  
s i g n i f i c a n t l y .  S i m i l a r  r e l a t i o n 
s h i p s  w e r e  a l s o  o b s e r v e d  d u r i n g  
d e c e l e r a t i o n  o f  t h e  c e n t r i f u g e .  

The t i m e  r e q u i r e d  f o r  r e -
B e f o r e  a c c e l .  - , u n i t s  A f t e r , m i n  c o v e r y  o f  t h e  c h a r a c t e r i s t i c s  

f o r  e x t e r n a l  r e s p i r a t i o n  w a s  
F i g .  2 .  Change  i n  t h e  R a t e  o f  more t h a n  6 .min a f t e r  h y p o k i n e s i a ;  
R e s p i r a t i o n  f o r  S u b j e c t s  d u r i n g  i t  w a s  2 -3  min i n  t h e  c o n t r o l  
t h e  A c t i o n  o f  A c c e l e r a t i o n s  Be- r o t a t i o n .  
f o r e  (1) a n d  A f t e r  ( 2 )  Hypo

d y n a m i a  ( A v e r a g e d  V a l u e s  f o r  6 I n  c o m p a r i n g  t h e  d a t a  f o r  

Sub j e c t s  ) . 
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B e f o r e  A c c e l . ; u n i t s  A f t e r , m i n  

F i g .  3 .  Dynamics  f o r  t h e  Changes  i n  t h e  C h a r a c t e r i s t i c s  o f  E x t e r n a l  
R e s p i r a t i o n  f o r  S u b j e c t  B-y d u r i n g  A c c e l e r a t i o n s  D u r i n g  a n d  A f t e r  
Hypodynamia .  (1) P u l m o n a r y  V e n t i l a t i o n ;  ( 2 )  R e s p i r a t i o n  Volume:  
B e f o r e  Hypodynamia  ( l a )  a n d  ( 2 a ) :  The Same,  A f t e r  Hypodynamia .  
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o r i g i n a l  s t a t e  w i t h  t h e  d a t a  f o r  b e f o r e  a n d  a f t e r  h y p o d y n a m i a ,  c h a r 
a c t e r i s t i c  c h a n g e s  were  f o u n d .  I n  a l l  7 c a s e s ,  t h e r e  w a s  a n  i n 
c rease  i n  t h e  a m p l i t u d e  o f  t h e  a - r h y t h m ,  s o m e t i m e s  by  2 t o  2 . 5  t i m e s .  
I n  5 cases  (G-n ,  G-v, B-y,  L -y ,  a n d  Kh-v I I ) ,  w e  f o u n d  a s h i f t  i n  
t h e  a - r h y t h m  r a t e  t o w a r d  t h e  l e f t ,  w i t h  t h e  a p p e a r a n c e  o f  s l o w e r  
r h y t h m s ;  i n  t h e  o t h e r  t w o  c a s e s ,  w e  f o u n d  a n  i n c r e a s e  i n  t h e  r a t e  
a n d  t h e  a p p e a r a n c e  o f  i r r e g u l a r i t y  i n  t h e  a - r h y t h m .  I n  3 cases  
t h e r e  w a s  l e n g t h e n i n g  o f  t h e  l a t e n t  p e r i o d  f o r  e x a l t a t i o n  o f  t h e  
a - r h y t h m ,  when t h e  s u b j e c t s '  e y e s  were  c l o s e d  f r o m  0.'2 - 0 . 5  t o  
0 . 7  - 0 . 8  s e c .  T h e s e  c h a n g e s  s h o u l d  p r o b a b l y  b e  r e l a t e d  t o  t h e  
e f f e c t  o f  h y p o k i n e s i a ,  s i n c e  t h e  c h a r a c t e r  o f  t h e  e l e c t r o e n c e p h a l o 
gram r e c o v e r e d  c o m p l e t e l y  a f t e r  t h e  a c t i o n  o f  a n  a c c e l e r a t i o n .  
However ,  i n  o n e  case  (Kh-v I ) ,  t h e  s h i f t  i n  t h e  r a t e  o f  t h e  a - r h y t h m  
( f r o m  1 0  t o  1 3  s e c )  i n  t h e  i n i t i a l  s t a t e  f o l l o w i n g  h y p o k i n e s i a  d i d  
n o t  t e n d  t o  r e c o v e r  e v e n  d u r i n g  t h e  p e r i o d  f o l l o w i n g  t h e  a c c e l e r a 
t i o n .  I n  t h i s  case  w e  c a n n o t  d e n y  t h e  a d d i t i o n a l  e f f e c t  o f  e m o t i o n 
a l  e x c i t a t i o n .  

T h i s  c o n d i t i o n  c a n  b e  s u b s t a n t i a t e d  i n d i r e c t l y  by  t h e  d a t a  ob
t a i n e d  by s t u d y i n g  t h e  c a r d i o v a s c u l a r  s y s t e m .  The i n c r e a s e  i n  t h e  
p u l s e  r a t e  b e f o r e  t h e  b e g i n n i n g  o f  r o t a t i o n ,  l i n k e d  m a i n l y  w i t h  t h e  
e m o t i o n a l  f a c t o r ,  w a s  s i g n i f i c a n t l y  h i g h  i n  5 o u t  o f  8 c a s e s  a f t e r  
h y p o k i n e s i a  ( T a b l e  3 ) .  

D u r i n g  t h e  p e r i o d  f o l l o w i n g  t h e  a c c e l e r a t i o n s ,  t h e s e  c h a n g e s  
h a d  a t e n d e n c y  t o  " r e c o v e r " ,  < . e .  t h e r e  was a more  s i g n i f i c a n t  
s y n c h r o n i z a t i o n  o f  t h e  r h y t h m s ,  w i t h  t h e  a p p e a r a n c e  i n  a number  o f  
c a s e s  o f  8 - a n d  A-waves f o r  o p e n  or c l o s e d  e y e s ,  a n d  a s h o r t e n i n g  
o f  t h e  l a t e n t  p e r i o d  f o r  " e x a l t a t i o n "  o f  t h e  a- r h y t h m .  

I n  5 s u b j e c t s  whose  e l e c t r o c a r d i o g r a m s  were  r e c o r d e d  w i t h  u n i 
p o l a r  l e a d s ,  w e  s u c c e e d e d  i n  f i n d i n g  a g r e a t e r  e x p r e s s i v i t y  f o r  t h e s e  
phenomena  o f  s y n c h r o n i z a t i o n  a t  t h e  f r o n t a l  l e a d .  F o l l o w i n g  hypo
k i n e s i a  i n  3 o u t  o f  4 c a s e s ,  i n  c o m p a r i s o n  w i t h  c o n t r o l s ,  t h e  r e 
c o v e r y  p e r i o d  for t h e  c h a r a c t e r i s t i c s  o f  t h e  e l e c t r o e n c e p h a l o g r a m  
was  l e n g t h e n e d  by 4 - 1 9  m i n .  T h i s  l e n g t h e n i n g  o f  t h e  p e r i o d  for 
n o r m a l i z a t i o n  o f  t h e  e l e c t r o c a r d i o g r a m  w a s  m o s t  s i g n i f i c a n t  f o r  
t h o s e  w i t h  t h e  g r e a t e s t  d e c r e a s e  i n  r e s i s t a n c e  t o  a c c e l e r a t i o n s .  
For t h e  s u b j e c t  Kh-v I ,  whose  r e s i s t a n c e  t o  a c c e l e r a t i o n s  c h a n g e d  
i n s i g n i f i c a n t l y  ( - 1 . 2  u n i t s ) ,  t h e  l e n g t h  o f  t h e  r e c o v e r y  p e r i o d  
a f t e r  h y p o k i n e s i a  w a s  e q u a l  t o  t h e  o r i g i n a l .  T h u s ,  i n  a l l  c a s e s ,  
w e  f o u n d  a d e c r e a s e  i n  t h e  b i o e l e c t r i c  a c t i v i t y  o f  t h e  c e r e b r a l  
c o r t e x  f o r  a n  a c c e l e r a t i o n  o n  t h e  s y n c h r o n i z a t i o n  o f  r h y t h m s ,  w i t h  
a l e n g t h e n i n g  o f  t h e  r e c o v e r y  p e r i o d  f o r  t h e  c h a r a c t e r i s t i c s  o f  t h e  
e l e c t r o e n c e p h a l o g r a m  a f t e r  h y p o k i n e s i a .  

1 1 5  
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T A B L E  3 

C H A N G E  I N  SOME CHARACTERISTICS OF T H E  ELECTROENCEPHALOGR,AM A N D  T H E  E
R A T E  OF H E A R T  CONTRACTIONS, AFTER HYPODYNAMIA. 

Subj . Change i n  the  
Max. T o l .  

U n i t s  

Kh-VI 

Be f. A f t .  D i f f  

Sh-k -2.2 +9 +3 -6 
B-k 
Kh-VI 

-1.1 
-2,o 

0 t6 
+12 +48 

t6 
t36 

io.5 
10.5 

0,7 
0.8 

L-Y -4,o +6 t18 t12 10.3 0.7 
B-Y -2,2 

-2.0 
+18 t36 
t18 +12 

t18 
-6 

i0.2 
1 -

0,7-
I -1.2 t6 t18 +12 :0.3 0.6 

T-n -2.2 +6 -6 -12 $0.4 0.9 

4 v e r a g e  D i f f e r e n c e  +7+15 t0,34+0,13- - _ _  -

R e l i a b i l i t y  o f  t h e  D i f f .  <0,95 >0,999 

N o t e :  I n  t h e  L a s t  Column,  t h e  S u b j e c t  K h - v I I  
f r o m  S t a t i s t i c a l  A n a l y s i s .  

L e n g t h  0-f Tins 5r 
R e c .  cf tk C l - a r .  
a� t h e  EEG A f t e r  
A c c I e r a t i o n ,  

Min. 

7 +4 
1 0  t 5  
16 + 1 3  
26 t19 I 
7 t 4 1
7 + 2  1 

> 1 2  <-4 j
7 + 4  i-' 

- ...

>0.99 


w a s  E x c l u d e d  

An a n a l y s i s  o f  t h e  p h y s i o l o g i c a l  r e a c t i o n s  showed t h a t  d e s p i t e  
t h e  l e s s e r  v a l u e s  for t h e  a c c e l e r a t i o n s  a c h i e v e d  a f t e r  h y p o d y n a m i a ,  
t h e r e  w a s  a h i g h e r  l e v e l  o f  p h y s i o l o g i c a l  s h i f t  i n  m o s t  c a s e s .  The 
m o s t  t y p i c a l  f e a t u r e s  i n v o l v i n g  t h e  c a r d i o v a s c u l a r  s y s t e m  w a s  t h e  
i n t e n s i f i c a t i o n  o f  t a c h y c a r d i a ,  t h e  d e c r e a s e  i n  t h e  s y s t o l i c  p r e s 
s u r e  i n  t h e  v e s s e l s  o f  t h e  e a r ,  t h e  i n c r e a s e  i n  t h e  r e c o v e r y  p e r i o d  
f o r  t h e  p h y s i o l o g i c a l  c h a r a c t e r i s t i c s ,  a n d  s o m e t i m e s  a r e l a t i v e  i n 
c r e a s e  i n  t h e  l e n g t h  o f  t h e  e l e c t r i c  s y s t o l e  w h i c h  d i d  n o t  c o r r e 
s p o n d  t o  t h e  p u l s e  r a t e .  M o r e o v e r ,  a l o w e r  t h r e s h o l d  w a s  f o u n d  
f o r  t h e  a p p e a r a n c e  o f  v i s u a l  d i s o r d e r s  a f t e r  h y p o k i n e s i a ,  b y  com
p a r i s o n  w i t h  c o n t r o l s .  

An e s s e n t i a l  f e a t u r e  o f  t h e  r e a c t i o n  o f  t h e  c a r d i o v a s c u l a r  
s y s t e m  t o  a n  a c c e l e r a t i o n  w a s  f o u n d  i n  t h e  l a c k  o f  b r a d y c a r d i a  a f t e r  
h y p o k i n e s i a ,  w h i c h  o c c u r r e d  i n  h a l f  o f  t h e  c a s e s  for c o n t r o l  r o t a 
t i o n s ,  a t  h i g h  v a l u e s  f o r  t h e  maximum a c c e l e r a t i o n  a c h i e v e d .  However ,  
i n  some cases  f o l l o w i n g  h y p o k i n e s i a  s i n g l e  e x t r a s y s t o l e s  w i t h  l e s s 
e r  v a l u e s  were  f o u n d  f o r  t h e  a c c e l e r a t i o n  t h a n  i n  t h e  c o n t r o l s ;  a 
n e g a t i v e  TI wave a n d  a n  i n t e n s i f i c a t i o n  o f  i t s  e l e c t r o n e g a t i v i t y  /116 
d u r i n g  a c c e l e r a t i o n  were  a l s o  o b s e r v e d .  T h e s e  c h a n g e s  p r o b a b l y  show 
t h a t  t h e r e  i s  a d e c r e a s e  i n  t h e  f u n c t i o n a l  c a p a c i t y  o f  t h e  m y o c a r 
d ium as  a r e s u l t  o f  h y p o d y n a m i a .  T h e r e  i s  a g r e a t e r  number  o f  
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v a s c u l a r  d i s o r d e r s :  t h e  a p p e a r a n c e  o f  a s y n c o p i c  c o n d i t i o n  i n  o n e  
ca se ,  more  p r o n o u n c e d  v i s u a l  d i f f i c u l t i e s ,  a d e c r e a s e  i n  t h e  a u r i c u 
l a r  a r t e r i a l  p r e s s u r e  d u r i n g  t h e  a c t i o n  o f  a n  a c c e l e r a t i o n ,  a n  i n 
c r e a s e  i n  t h e  d i a s t o l i c  p r e s s u r e  a f t e r  i t s  t e r m i n a t i o n .  T h e s e  d a t a  
show t h e  s i g n i f i c a n c e  o f  d i s o r d e r s  i n  r e g u l a t i o n  o f  v a s c u l a r  t o n u s  
d u r i n g  a d e c r e a s e  i n  r e s i s t a n c e  t o  a c c e l e r a t i o n s  a f t e r  h y p o k i n e s i a .  

The n a t u r e  o f  t h e  c h a n g e s  i n  e x t e r n a l  r e s p i r a t i o n  show t h a t  
w h i l e  t h e  a c c e l e r a t i o n  i s  a c t i n g ,  t h e r e  i s  a n  o x y g e n  d e f i c i e n c y  
w h i c h  i s  e l i m i n a t e d  a f t e r  i t s  t e r m i n a t i o n .  

C o n s i d e r i n g  t h e  more  s i g n i f i c a n t  i n t e n s i f i c a t i o n  o f  t h e  pu lmo
n a r y  v e n t i l a t i o n  a f t e r  h y p o d y n a m i a ,  d u r i n g  t h e  d e c e l e r a t i o n  s t a g e  
i n  t h e  c e n t r i f u g e ,  w e  s h o u l d  a s s u m e  t h a t  t h e  d e g r e e  o f  o x y g e n  d e b t  
w a s  g r e a t e r  t h a n  i n  t h e  c o n t r o l .  

The c h a n g e s  i n  t h e  e l e c t r o e n c e p h a l o g r a m  i n  i t s  o r i g i n a l  s t a t e  
a f t e r  h y p o k i n e s i a  c o i n c i d e  w i t h  t h e  d a t a  o b t a i n e d  b y  R . P .  S t e l k o v a  
[ S I  f o r  h y p o d y n a m i a  l a s t i n g  7 d a y s .  The d e c r e a s e  i n  t h e  l e v e l  o f  
b i o e l e c t r i c  a c t i v i t y  a n d  t h e  i n t e n s i f i c a t i o n  o f  t h e  s l o w  r h y t h m i c i t y ,  
c a u s e d  by  t h e  e f f e c t  o f  a n  a c c e l e r a t i o n ,  i n d i c a t e  t h a t  t h e r e  i s  a 
d e c r e a s e  i n  t h e  e x c i t a b i l i t y  o f  t h e  c e r e b r a l  c o r t e x  a f t e r  h y p o k i n e s i a .  
I n  some c a s e s ,  t h e  p i c t u r e  o f  t h e  b i o e l e c t r i c  a c t i v i t y  i s  c o m p l i c a t e d  
by  t h e  i n t e n s i f i c a t i o n  of e m o t i o n a l  e x c i t a t i o n  b e f o r e  t h e  a c t i o n  o f  
a n  a c c e l e r a t i o n .  A f t e r  r o t a t i o n ,  t h e r e  w a s  a n  i n t e n s i f i c a t i o n  o f  
t h e s e  c h a n g e s  w i t h  a n  i n c r e a s e  i n  t h e  r e c o v e r y  p e r i o d  ( i n  c o m p a r i s o n  
w i t h  t h e  c o n t r o l ) .  The  m e c h a n i s m s  o f  t h e  c h a n g e s  i n  t h e  b i o e l e c t r i c  
r e a c t i o n  o f  t h e  c e r e b r a l  c o r t e x  u n d e r  t h e s e  c o n d i t i o n s  r e q u i r e  f u r 
t h e r  s t u d y .  

The d a t a  o b t a i n e d  f r o m  our s t u d i e s  show t h a t  h y p o k i n e s i a  w h i c h  
l a s t s  f r o m  8 t o  1 5  d a y s  l e a d s  t o  a d e c r e a s e  i n  t h e  r e s i s t a n c e  t o  
a c c e l e r a t i o n s  ( - 2 . 0  + 0 . 7  u n i t s  on t h e  a v e r a g e ) .  The r a t e  o f  d e 
c r e a s e  i n  t o l e r a n c e  v a r i e d  i n  o u r  s t u d i e s  for d i f f e r e n t  s u b j e c t s  
( f r o m  - 1 . 2  t o  - 4  u n i t s ) ,  a n d  d i d  n o t  d e p e n d  r e l i a b l y  on  t h e  l e n g t h  
o f  t i m e  f o r  h y p o k i n e s i a .  

The d a t a  o b t a i n e d  o n  t h e  d e c r e a s e  i n  t o l e r a n c e  i n d i c a t e  t h a t  
i n  c a r r y i n g  o u t  l o n g  s p a c e  f l i g h t s  i t  w i l l  b e  n e c e s s a r y  t o  u s e  a 
number  o f  m e a s u r e s  f o r  i n c r e a s i n g  t h e  r e s i s t a n c e  o f  t h e  human or
g a n i s m  t o  a c c e l e r a t i o n s  when t h e  c r a f t  i s  l a n d i n g .  
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THE MECHANISM OF THE CHANGE. I N  CARDIAC A C T I V I T Y  DURIIJG 
TRANSVERSELY-DI RECTED ACCELERATIONS 

V.Ye. Belay, P . V .  V a s i l ’ y e v ,  G.D. Glod, and V.G. P e t r u k h i n  

A B S T R A C T :  The e f f e c t  o f  long p e r i o d s  o f  t r a n s 
v e r s e  Z y - d i r e c t e d  acce  Z e r a t i o n s  i s  accompanied b y  
i n t e n s i v e  e x p e n d i t u r e  o f  gZycogen i n  t h e  myo
cardium and Z i v e r .  The degree  of t h e  d i s o r d e r s  
i n  c a r d i a c  a c t i v i t y  d u r i n g  a c c e Z e r a t i o n s  i s  cor
r e Z a t e d  w i t h  t h e  amount o f  gZycogen i n  t h e  myo
cardium.  One o f  t h e  p a t h o g e n i c  Z inks  i n  t h e  e x 
h a u s t i o n  o f  t h e  compensatory mechanisms f o r  car
d i a c  a c t i v i t y  d u r i n g  Zong p e r i o d s  of t r a n s v e r s e Z y 
d i r e c t e d  a c c e Z e r a t i o n s  i s  probabZy t h e  r a p i d  d e 
c r e a s e  i n  t h e  mocardiaZ energy  r e s o u r c e s .  The 
n o r m a Z i z a t i o n  of eZements  i n  t h e  e Z e c t r o c a r d i o 
gram d u r i n g  t h e  p e r i o d  of a f t e r - e f f e c t s  from 
a c c e Z e r a t i o n  i s  n o t  an i n d i c a t o r  of compZete 
r e c o v e r y  of myocardia2 f u n c t i o n .  

I n  t h i s  a r t i c l e ,  w e  a r e  a t t e m p t i n g  t o  s t u d y  c e r t a i n  m e c h a n i s m s  / 1 1 8  
f o r  t h e  b r e a k d o w n  i n  c a r d i a c  a c t i v i t y  d u r i n g  a c t i o n  o f  a c c e l e r a t i o n s .  
The d a t a  we h a v e  i n  t h e  l i t e r a t u r e  [lo, 1 2 1  i n d i c a t e  t h a t  o n e  o f  
t h e  c a u s e s  f o r  t h e  e x h a u s t i o n  o f  a n  o r g a n i s m ’ s  a d a p t a t i o n  r e s o u r c e s  
c a n  b e  o v e r e x e r t i o n  o f  t h e  h e a r t  as  a r e s u l t  o f  a b r e a k d o w n  i n  t h e  
m e t a b o l i c  p r o c e s s e s  i n  t h e  myoca rd ium a n d ,  i n  p a r t i c u l a r ,  a s h a r p  
d e c r e a s e  i n  t h e  amount  of  g l y c o g e n .  I n  r e l a t i o n  t o  t h i s ,  we f o u n d  
i t  e x p e d i e n t  t o  c l a r i f y  i m m e d i a t e l y  t h e  r e l a t i o n s h i p  b e t w e e n  d i s 
o r d e r s  i n  c a r d i a c  a c t i v i t y  a n d  c h a n g e s  i n  t h e  amoun t  o f  g l y c o g e n  
i n  t h e  myoca rd ium.  

The  s t u d i e s  w e r e  c o n d u c t e d  o n  1 9  m o n g r e l  d o g s  o f  b o t h  s e x e s ,  
w h i c h  w e i g h e d  8-12 kg  ( 6  o f  t h e s e  a n i m a l s  w e r e  c o n t r o l s ) .  A c c e l e r a 
t i o n s  w i t h  v a l u e s  o f  1 2  u n i t s  w e r e  r e p r o d u c e d  i n  a c e n t r i f u g e  w i t h  
a n  a r m  l e n g t h  o f  4 . 2  m .  The  v e c t o r  o f  t h e  a c c e l e r a t i o n  w a s  d i r e c t e d  
p e r p e n d i c u l a r  t o  t h e  l e n g t h w i s e  a x i s  o f  t h e  body  ( “ c h e s t - b a c k ” ) .  The 
r a t e  o f  a c c e l e r a t i o n  a n d  d e c c e l e r a t i o n  w a s  0 . 4  u n i t s / s e c .  The n a t u r e  
o f  t h e  h e a r t ’ s  r e a c t i o n  t o  t h e  e f f e c t  o f  t h e  a c c e l e r a t i o n s  w a s  
e v a l u a t e d  a c c o r d i n g  t o  t h e  c h a n g e s  i n  t h e  e l e c t r o c a r d i o g r a m s  d u r i n g  
s t a n d a r d  i n t e r v a l s  b e f o r e ,  d u r i n g ,  a n d  a f t e r  r o t a t i o n .  22-30 m i n  a f t e r  
r o t a t i o n ,  t h e  a n i m a l s  w e r e  s a c r i f i c e d  a n d  s u b j e c t e d  t o  p a t h o m o r p h o 
l o g i c a l  e x a m i n a t i o n s .  The  amount  of  g l y c o g e n  w a s  d e t e r m i n e d  f o r  s m a l l  
f r a g m e n t s  o f  t h e  h e a r t  a n d  t h e  l i v e r  by  t h e  h i s t o c h e m i c a l  me thod  ac
c o r d i n g  t o  A . G .  S h a b a d a s h .  T o g e t h e r  w i t h  t h e  p h y s i o l o g i c a l  a n d  
m o r p h o l o g i c a l  e x a m i n a t i o n s  i n  t h e  e x p e r i m e n t s ,  t h e  f u n c t i o n a l  s t a t e  
of  t h e  v e g e t a t i v e  n e r v o u s  s y s t e m  f o r  20 r a b b i t s  a n d  23  d o g s  w a s  
s t u d i e d  b e f o r e  a n d  a f t e r  a c c e l e r a t i o n s ,  a c c o r d i n g  t o  t h e i r  r e a c t i o n  t o  
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m e d i a t o r s  ( a d r e n a l i n ,  a c e t y l c h o l i n e ) .  

The e f f e c t  of t h e  a c c e l e r a t i o n s  caused  r e g u l a r  changes  i n  t h e  d o g s '  
c a r d i a c  a c t i v i t y  [4, 5 ,  7 ,  9 1 .  I n  t h i s  case, t h e r e  w a s  t a c h y c a r d i a  
and a r r h y t h m i a ,  e x p r e s s e d  i n  v a r i o u s  d e g r e e s ,  i n  8 o f  t h e  a n i m a l s ;  
f o r  5 dogs ,  t h e  t a c h y c a r d i a  s h i f t e d  t o  a g r a d u a l l y  or r a p i d l y  oc
cupp ing  d e c r e a s e  i n  t h e  r a t e  o f  h e a r t  c o n t r a c t i o n s .  On t h e -
e l e c t r o c a r d i o g r a m s ,  t h e r e  w e r e  e x t r a s y s t o l e s ;  t h e  ST i n t e r v a l  s h i f t e d  
r e l a t i v e  t o  t h e  i s o l i n e ,  and t h e  T wave i n c r e a s e d  s h a r p l y .  The 
a p p e a r a n c e  o f  t h e s e  s i g n s  showed t h a t  t h e r e  w a s  a c o l l a p s e  o f  t h e  
compensa tory  and a d j u s t i n g  mechanisms for c a r d i a c  a c t i v i t y ,  and t h i s  
w a s  a s i g n a l  t o  t e r m i n a t e  t h e  e f f e c t ,  A f t e r  1 - 5  m i n u t e s ,  t h e  r a t e  
o f  h e a r t  c o n t r a c t i o n s  and t h e  e l e m e n t s  of  t h e  e l e c t r o c a r d i o g r a m  
r e t u r n e d  t o  t h e i r  o r i g i n a l  l e v e l .  

The r e s u l t s  o f  t h e  e x p e r i m e n t s  are  g i v e n  i n  Tab le  1. F r o m  t h e  
d a t a  p r e s e n t e d ,  w e  can  see t h a t  t h e  margin  f o r  t o l e r a n c e  t o  a c c e l e r a 
t i o n s  o f  a g i v e n  v a l u e  w a s  n o t  i d e n t i c a l  f o r  v a r i o u s  dogs .  Thus,  
f o r  3 o u t  o f  4 a n i m a l s ,  t h e  s i g n s  o f  c o l l a p s e  i n  compensa t ion  oc
c u r r e d  a f t e r  a 3- t o  7- minu te  a p p l i c a t i o n ,  f o r  1 dog a f t e r  a 14
minu te  a p p l i c a t i o n ,  and f o r  1 o n l y  af ter  6 0  min. A t  t h e  s a m e  t i m e ,  
2 dogs w e r e  s u b j e c t e d  t o  r o t a t i o n  i n  t h e  c e n t r i f u g e  which showed 
no s i g n s  o f  e x h a u s t i o n  of  t h e  a d j u s t i n g  mechanisms. 

For  5 a n i m a l s ,  f o r  whom t h e r e  w e r e  d e f i n i t e  d i s o r d e r s  i n  c a r 
d i a c  a c t i v i t y ,  t h e  g lycogen  c o n t e n t  i n  t h e  myocardium d e c r e a s e d  
s h a r p l y .  For t h r e e  a n i m a l s ,  g lycogen  w a s  found o n l y  i n  t h e  f o r m  o f  
v e r y  s m a l l  g r a i n s  i n  i n d i v i d u a l  f i b e r s  b e n e a t h  t h e  endocardium ( F i g .  
l), w h i l e  i t  a p p e a r e d  i n  g roups  o f  f i b e r s  for two a n i m a l s .  Even i n  
t h e  s a r c o p l a s m  o f  t h e  muscu la r  f i b e r s  for t h e  c o n d u c t i n g  sys tem 
( P u r k i n j e  f i b e r s ) ,  which a r e  u s u a l l y  v e r y  r i c h  i n  g l y c o g e n ,  t h e  

F i g .  1. Decrease i n  t h e  Glycogen Con ten t  i n  t h e  P u r k i n j e  F i b e r s  
of  t h e  L e f t  V e n t r i c l e  of t h e  Dog H e a r t  (Shabadash ,  32 x 6 ) .  
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percentage decreased significantly, and the large-scale lumped ele

ments disappeared almost completely. 


For the animals who did not show signs of collapse in compensa
tion of cardiac activity, the glycogen content in the myocardium 
remained at a higher level in 7 out of 8 cases during the action of accel
erations. In the cores of the conducting system, its percentage
did not decrease. In the groups of regular. fibers, together with 
small-size lumps of glycogen, large lumps of glycogen (Fig. 2) were 
also found. In the case of one dog, the histochemical picture of 
glycogen in the myocardium was the same as for those animals which 
showed clear signs of a collapse in compensation of cardiac activity. 
Approximately the same differences were also observed in studying 
the glycogen content in the liver. Thus, a sharp decrease in gly
cogen content was noted for all 5 dogs who had definite disorders 
in cardiac activity. In this case, we found micro-granular glyco- / 1 2 2  
gen only in single cells or in groups of them, primarily around the 
collecting veins (Fig. 3). 

Nevertheless, for the majority of the animals who showed no 

signs of a collapse in the compensation of the cardiac activity, 

the percentage of glycogen in the myocardium and liver was higher 

during the action of accelerations (Table 1). 


Thus, during the action of transversely-directed accelerations, 

there is a definite relationship between the degree of disorder in 

the cardiac activity and the glycogen content in the myocardium and 

liver. 


The metabolism in the myocardium is characterized by a pre

dominance of aerobic processes (consumption of glucose, fructose, 

and lactic acid in the blood). Moreover, the small quantity of 

glycogen (about 0.5%) which is expended by the myocardium only in 

exceptional cases serves as an additional reserve for the myocardial 

energy exchange C131. 


It is well known that transversely-directed accelerations can be 
accompanied, under certain conditions, by significant disorders in 
humodynamics and thus by increased stress on the myocardium C4-61. 
There can also be hypoxia for the myocardium as a result of a break
down in the oxygenation of the blood in the lungs [l, 5, 6, 15, 161. 
The combination of an increased stress on the myocardium and its 
hypoxia leads to expenditure of the "natural" glycog.en, since in 
this case the use of lactic acid is made much more difficult [ 8 ,  
10, 141. Subsequently, one of the pathogenic links for the collapse 
in the compensatory-adjusting mechanisms of the cardiac activity 
during accelerations is obviously the overstrain in intensity for the 
myocardial exchange processes under the conditions of oxygen defi
ciency, which calls for the use of natural energy resources. 

It is well known that a decrease in glycogen content in the 

myocardium is also observed during significant physical stress [lo]. 
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However, the mechanism of these changes apparently differs substan

tially from disorders occurring during the action of accelerations. 

The clear parallel between the disorders in the electrocardiogram 

elements and the change in the glycogen content in the myocardium 

during physical stress serves as proof of this statement. At the 

same time, during the period of after-effects from transversely-

directed accelerations, the electrocardiogram does not completely 

reflect the state of the energy resources and the functional ca

pacities of the myocardium. 


We also have not excluded the idea that breakdown in carbo
hydrate metabolism is one of the causes for the change in the car
diac reaction (during the period following acceleration) to gluco
sides (strophanthin). It has been established that the sensitivity 
of the heart to strophanthin increases sharply under these condi
tions. In this regard, the degree of change in reactivity is di
rectly dependent on the degree of the disorders in cardiac activity 
during the action of accelerations [ 2 1 .  A similar rule was also 
established in relation to the glycogen content in the myocardium. /123 

It is reasonable to assume that the breakdown in the carbo

hydrate metabolism in the myocardium is not the only cause for the 

exhaustion of the adaptational mechanisms of cardiac activity. Im

portant significance probably also should be assigned to the break

down of the functional interrelationships between the sympathetic 

and parasympathetic centers for the regulation of cardiac activity 

and the correcting effect of the higher divisions of the central 

nervous system, which occurs during the action of accelerations. 


In particular, the change in an organism's reactivity to the 

mediators of the vegetative nervous system and to narcotics during 

the period folloding acceleration confirms this idea. 


We should note that there is agreement between the periods of 

time for recovering the glycogen content in the myocardium and the 

reactions to inhibitors of the vegetative nervous system. 


The data which indicate a change in the functional interrelation

ships for the higher divisions of the central nervous system after 

accelerations were also obtained during a study of the reactivity 

to various narcotic substances [3, 111. 


Thus, the results of the studies show that the pathogenesis 

of the breakdown in cardiac activity during transversely-directed 

accelerations is complex and involves changes in the biochemical 

process in the myocardium as well as in the functional interrela

tionships in the central nervous system. 
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I l l  I l l  I 

THE EFFECT OF LOF!G PERIODS OF TRANSVFRSF ACCELERATIONS ON THE 
FUNCTIONAL STATE OF THF VFGFTATIVE b!FRVOUS SYSTFV 

V.Ye. Belay, P . V .  V a s i l ' y e v ,  a n d  G . D .  G l o d  

ABSTRACT: The e f f e c t  of t r a n s v e r s e  a c c e Z e r a t i o n s  
on t h e  v e g e t a t i v e  nervous  s y s t e m  was s t u d i e d  i n  
e x p e r i m e n t s  w i t h  r a b b i t s  and dogs ,  i n v o Z v i n g  t h e i r  
r e a c t i o n  t o  a d r e n a l i n ,  aoe tyZchoZine ,  and e t e c 
t r i c a Z  s t i m u Z a t i o n  of t h e  vagus n e r v e .  I t  was 
e s t a b l i s h e d  t h a t  w i t h i n  2 5 - 2 0  min a f t e r  t h e  a c t i o n  
o f  t h e  a c c e Z e r a t i o n s ,  t h e r e  is a change i n  t h e  
o r g a n i s m ' s  r e a c t i o n  and an i r r i t a t i o n  o f  t h e  vagus 
n e r v e .  I n  t h i s  c a s e ,  t h e  Zength o f  t i m e  f o r  i n 
d i v iduaZ  o r b i t s  of t h e  a r t e r i a 2  p r e s s u r e  and t h e  
coronary  bZood fZov a r e  changed,  a s  is t h e  r a t e  
o f  h e a r t  c o n t r a c t i o n s .  The c h a r a c t e r  of t h e  r e 
a c t i o n  c o r r e Z a t e s  w i t h  t h e  degree  of t h e  d i s o r d e r s  
i n  c a r d i a c  a c t i v i t y  durring t h e  a c t i o n  of a c c e t e r 
a t i o n s  and i n  t h e  p e r i o d  foZZowing t h e i r  a p p l i 
c a t i o n .  The a u t h o r s  conc2ude t h a t  t r a n s v e r s e  
a c c e z e r a t i o n s  change t h e  f u n c t i o n a Z  s t a t e  o f  t h e  
v e g e t a t i v e  nervous  s y s t e m .  

The effect of long-period, transversely-directed accelerations /124 

on the functional state of various divisions of the vegetative 

nervous system in animals is studied in this article. 


The studies were conducted on 43 dogs and 31 rabbits. Trans
versely-directed ("chest-back") accelerations were reproduced in a 
centrifuge with an arm 4.25 meters long. The magnitude of the effec
tive acceleration was 12 units for the d o g s  and 9 units for the 
rabbits, with an acceleration and deceleration rate of 0.3-0.4 units/ 
sec. 

We determined the state of the vegetative nervous system by the 
animals' reaction to intravenous administration of adrenalin and 
acetylcholine, and also to electrical stimulation of the peripheral 
end of a transversely sectional vagus nerve. In careful experiments, 
the animals were anesthetized by intraperitoneal administration of 
a 10%-urethane solution in a dose of 2.0 g / k g .  In the experiments, 
we recorded the electrocardiogram, the rate of respiration, the 
arterial pressure (direct method), and the relative level of coro
nary blood flow (according to the method of M.Ye. Marshak and G.N. 
Aronova [lo]). 

As the results have shown, the animals' individual sensitivity 
to the action of accelerations of a given value varies significantly. 
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D u r i n g  r o t a t i o n  i n  a c e n t r i f u g e ,  r e g u l a r  c h a n g e s  w e r e  n o t e d  i n  t h e  
r e c o r d e d  p h y s i o l o g i c a l  c h a r a c t e r i s t i c s  d e s c r i b e d  by  o t h e r  a u t h o r s  
C 2 ,  8 ,  9 1 .  

The l e n g t h  o f  t i m e  r e q u i r e d  f o r  t h i s  e f f e c t  t o  l e a d  t o  t h e  
a p p e a r a n c e  o f  s i g n s  s h o w i n g  a b reakdown i n  c a r d i a c  a c t i v i t y  v a r i e d  
w i t h i n  1 . 5 - 4 0  min f o r  t h e  d o g s  a n d  3-32 min f o r  t h e - r a b b i t s .  The 
a n i m a l s  w e r e  s u b j e c t e d  t o  t h e  e f f e c t  o f  a c c e l e r a t i o n s  b o t h  b e f o r e  
t h e  a p p e a r a n c e  o f  s i g n s  s h o w i n g  a " c o l l a p s e "  i n  t h e  c o m p e n s a t o r y -
a d j u s t i n g  r e a c t i o n s  of t h e  c a r d i a c  a c t i v i t y ,  a n d  w i f h o u t  s u c h  s i g n s .  

R E A C T I O N  TO INTRAVENOUS ADMINISTRATION OF A D R E N A L I N  /125 

A f r e s h l y - p r e p a r e d  s o l u t i o n  of a d r e n a l i n  ( 1 ~ 2 0 , 0 0 0 )  w a s  a d 
m i n i s t e r e d  a t  a c o n s t a n t  r a t e  i n t o  t h e  o u t e r m o s t  v e i n  o f  t h e  r a b 
b i t s '  e a r s  a t  a d o s e  o f  0 . 0 0 5  mg/kg a n d  i n t o  t h e  f e m o r a l  v e i n s  o f  
t h e  d o g s  a t  a d o s e  o f  0 . 0 0 2  mg/kg .  

The r e a c t i o n  t o  a d r e n a l i n  d i f f e r e d  g r e a t l y  i n  d i f f e r e n t  a n i m a l s ,  
b u t  i t  w a s  i d e n t i c a l  f o r  a g i v e n  a n i m a l  d u r i n g  r e p e a t e d  a d m i n i s t r a 
t i o n s  a t  i n t e r v a l s  of  30-60  m i n .  

The c h a n g e s  i n  t h e  a v e r a g e  l e v e l  o f  t h e  a r t e r i a l  p r e s s u r e  h a d  
t h e  m o s t  i n f o r m a t i v e  s i g n i f i c a n c e .  R e a c t i o n  t o  t h e  a d m i n i s t r a t i o n  
of  a d r e n a l i n  was c h a r a c t e r i z e d  by t h e  u s u a l  p h a s e  c h a n g e s  i n  t h e  
a r t e r i a l  p r e s s u r e ,  w h i c h  m a i n l y  showed i n c r e a s e s  [ S I .  I n  c o n t r a s t  
t o  t h e  c o n t r o l  a n i m a l s ,  th-e r e a c t i o n  t o  a d r e n a l i n  f o r  t h e  a n i m a l s  
wh ich  h a d  b e e n  s u b j e c t e d  t o  a c c e l e r a t i o n s  w a s  u n c h a n g e d .  M o r e o v e r ,  
t h e  d e g r e e  of c h a n g e  d e p e n d e d  n o t  o n l y  on t h e  l e n g t h  of  t h e  a f t e r 
e f f e c t  p e r i o d ,  b u t  a l s o  on  t h e  d e g r e e  o f  t h e  d i s o r d e r s  i n  c a r d i a c  
a c t i v i t y  d u r i n g  r o t a t i o n  i n  t h e  c e n t r i f u g e .  F o r  t h e  a n i m a l s  w h i c h  
d i d  n o t  show s i g n s  o f  " c o l l a p s e "  i n  t h e  c o m p e n s a t o r y - a d j u s t i n g  r e 
a c t i o n s  o f  c a r d i a c  a c t i v i t y  d u r i n g  a c c e l e r h t i o n s ,  t h e  c h a n g e s  i n  t h e  
n a t u r e  o f  t h e  a r t e r i a l  p r e s s u r e  r e a c t i o n  t o  a d r e n a l i n  l e d  o n l y  t o  
a n  i n s i g n i f i c a n t  i n c r e a s e  i n  t h e  f i r s t  p r e s s o r  wave .  More s u b s t a n 
t i a l  s h i f t s  i n  t h e  a r t e r i a l  p r e s s u r e  w e r e  o b s e r v e d  a f t e r  t h e  a c c e l 
e r a t i o n s ,  a c c o m p a n i e d  by d e f i n i t e  d i s o r d e r s  i n  c a r d i a c  a c t i v i t y  
( T a b l e  1) .  
T A B L E  1: P R I N C I P A L  S I G N S  OF A C H A N G E  I N  T H E  R E A C T I O N  OF THE DOGS' 
A R T E R I A L  PRESSURE TO THE ADMINISTRATION OF A D R E N A L I N ,  W I T H I N  1 5 - 2 0  
M I N  A F T E R  THE E F F E C T  OF A N  A C C E L E R A T I O N  OF 1 2  UNITS, C A U S I N G  A 

"COLLAPSE" I N  COMPENSATION F O R  C A R D I A C  A C T I V I T Y .  

Change i n  - t h e  Reac t i -on  o f  -th-e--
A r t e r i a l  P r e s s u r e  

Number o f  
Cases 

A s  a % o f  t h e  
O r i g i n a l  V a l u e  

. _  

L e n g t h e n i n g  o f  t h e  L a t e n t  P e r i o d  7 5 8 . 3  
R e l d v e  Dec i n  t h e  P r e s s o r  Comp . 
Relat ive I n c  i n  t're D e D r e s s o r  Comp . 1 0  

8 
8 3 . 4  
6 6 . 6  

C o m p l e t e  Disappearance o f  t h e  S e c .  3 2 5 . 0  
P r e s s o r  E f f e c t  

1 2 7  



-In the experiments on rabbits, the reaction of the arterial 

pressure to the administration of adrenalin after accelerations was 

characterized by a decrease of the pressor effect: these changes 

were greater with clear signs of "collapse" in compensation for /126 

cardiac activity during rotation in a centrifuge and lesser for a 

lack of these disorders. 


A B 

-
I I I I I I I 1 4 3 - , 
Time,min Time,min 


Fig. 1. Changes in the Coronary Blood Flow (1) and Arterial Pres
sure (2) of a Dog with Intravenous Administration of Adrenalin in a 
Dose of 0 , 0 0 2  mg/kg Before (A) and within 30 min After ( B )  the Ef

fect of an Acceleration. 


The changes in the rate of heart contractions varied within 

wide ranges. The degree of bradycardia, after the administration 

of adrenalin, agreed with the value for the increase in the arterial 

pressure, and this was observed for a brief time. 


The data on the change in the relative level of the coronary 
blood flow are of particular interest. We kpow that adrenalin does 
not have a direct effect on the adrenergic systems of the coronary 
vessels, and the change in the level of the coronary blood flow 
after its administration was caused by general shifts in the hemo
dynamics and well as by changes in the metabolic process in the myo
cardium c 4 ,  6 ,  111. 

In our experiments, the reaction of the coronary blood flow to 

the administration of adrenalin, after the accelerations which were 

accompanied by a "collapse" in the compensation, greatly exceeded 

the amount of change during the control administration (Fig. 1). 

Following the accelerations which were not accompanied by disorders 

in the cardiac activity, the direction of the change in the reaction 

remained the same; however, the shifts were less pronounced. The 

data on the increase in the reactivity of the coronary blood flow 

to adrenalin during the period of the after-effects immediately fol 

lowing accelerations were also substantiated in chronic experiments 

on dogs. 
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R E A C T I O N  T O  INTRAVENOUS A D M I N I S T R A T I O N  OF A C E T Y L C H O L I N E  

A s o l u t i o n  o f  a c e t y l c h o l i n e ,  p r e p a r e d  e x  t e m p o r e ,  w a s  a d m i n i s 
t e r e d  i n t r a v e n o u s l y  a t  a c o n s t a n t  r a t e  i n  d o s e s  of 0 . 0 5  ( r a b b i t s )  
a n d  0 . 4 8 0 1 0 - ~mg/kg ( d o g s ) .  W i t h i n  1 5  min a f t e r  t h e  i n j e c t i o n  o f  
a c e t y l c h o l i n e ,  t h e  e l e c t r o c a r d i o g r a m  a n d  t h e  a r t e r i a l  p r e s s u r e  w e r e  / 1 2 7  
r e c o r d e d .  J u s t  as  i n  t h e  e x p e r i m e n t s  w i t h  a d r e n a l i n ,  t h e  n a t u r e  o f  
t h e  r e a c t i o n  t o  a c e t y l c h o l i n e  d i f f e r e d  i n  c e r t a i n  i n d i v i d u a l  f e a 
t u r e s .  However ,  r e p e a t e d  i n j e c t i o n s  o f  t h e  p r e p a r a t i o n  i n t o  a g i . v e n  
a n i m a l ,  a t  i n t e r v a l s  o f  45 -60  m i n ,  c a u s e d  a s t e r e o t y p e  r e a c t i o n  on 
t h e  p a r t  o f  t h e  p h y s i o l o g i c a l  c h a r a c t e r i s t i c s  w h i c h  w e r e  r e c o r d e d .  
D u r i n g  t h e  p e r i o d  o f  t h e  a f t e r - e f f e c t s  i m m e d i a t e l y  f o l l o w i n g  a c c e l 
e r a t i o n s  ( w i t h i n  1 5 - 3 0  m i n ) ,  t h e  d i f f e r e n c e s  i n  t h e  amount  o f  r e 
a c t i o n  f o r  t h e  a r t e r i a l  p r e s s u r e  w e r e  c l e a r e r  ( T a b l e  2 ) .  

T A B L E  2 :  CHANGES I N  A R T E R I A L  PRESSURE F O R  R A B B I T S  (AS A P E R C E N T  OF 
T H E  O R I G I N A L  LEVEL) F O R  R E P E A T E D  ADMINISTRATIONS OF A C E T Y L C H O L I N E .  

~lcbpl i re ,min. 
2 
.~ 

C. on t ro 1 0 . 8  0 . 9  2 . 5  

C o n t r o l  0 1 . 8  1 . 0  

1 8 1  A f t e r  A c c e l e r a t i o n s . .  8 . 5  6 . 5  13. 3 1 9 3  3 0 . 8  

; 210 	 i
I 

A f t e r  A c c e l e r a t i o n s . 'I 2 . 8 . 0 . 8  0 .: 6.5 4 . 6  
$ __ . - .  _ _ _ _  _ _  __ 

A s  we c a n  s e e  f r o m  t h e  d a t a  i n  T a b l e  2 ,  t h e  d e g r e e  a n d  d i r e c t i o n  
o f  t h e  c h a n g e s  i n  t h e  r e a c t i o n s  o f  t h e  a r t e r i a l  p r e s s u r e  i n  r a b b i t s  
w h i c h  h a d  b e e n  s u b j e c t e d  t h e  e f f e c t  o f  a c c e l e r a t i o n s  w e r e  d i f f e r e n t .  
I n  E x p e r i m e n t  N o .  1 8 1 ,  a s u b s t a n t i a l  d i f f e r e n c e  i n  t h e  v a l u e  o f  t h e  
r e a c t i o n  was c a u s e d  by  a l e s s e r  d e p r e s s o r  e f f e c t  o f  a c e t y l c h o l i n e  
f o l l o w i n g  t h e  a c c e l e r a t i o n s ,  w h i l e  i n  E x p e r i m e n t  N o .  2 1 0 ,  r e p e a t e d  
a d m i n s t r a t i o n  o f  t h e  p r e p a r a t i o n  c a u s e d  ( b e s i d e s  a o n e - m i n u t e  r e a c 
t i o n )  a d e e p e r  h y p o t e n s i v e  wave .  The d i f f e r e n c e s  i n  t h e  c h a n g e s  o f  
t h e  r e a c t i v i t y  t o  a c e t y l c h o l i n e  i n  t h e s e  e x p e r i m e n t s  become u n d e r 
s t a n d a b l e  when we ~ x a m i n ethem i n  r e l a t i o n  t o  t h e  p a r t i c u l a r  f e a 
t u r e s  of t h e - a n i m a l s '  r e a c t i o n  t o  t h e  e f f e c t  o f  a c c e l e r a t i o n s .  T h u s ,  
i n  E x p e r i m e n t  No. 1 8 1  t h e  r a b b i t  w a s  s u b j e c t e d  t o  t h e  e f f e c t  o f  a n  
a c c e l e r a t i o n  f o r  1 8 . 5  m i n ;  i n  t h i s  c a s e ,  t h e  r a t e  o f  i t s  h e a r t  c o n 
t r a c t i o n s  r e m a i n e d  c l o s e  t o ,  or e x c e e d e d ,  t h e  o r i g i n a l  l e v e l  f o r  up 
t o  1 8  m i n ,  a n d  b r a d y c a r d i a  b e g a n  t o  d e v e l o p  o n l y  a t  t h e  e n d  o f  t h e  
r o t a t i o n .  The maximum d e c r e a s e  i n  t h e  p u l s e  r a t e ,  t o w a r d  t h e  e n d  
o f  t h e  a c t i o n  of t h e  a c c e l e r a t i o n ,  w a s  6 2 . 5 %  of  t h e  o r i g i n a l  l e v e l .  

I n  E x p e r i m e n t  No. 2 1 0 ,  t h e  r a b b i t  r e a c t e d  i n  a d i f f e r e n t  way 
t o  t h e  e f f e c t  o f  t h e  a c c e l e r a t i o n s :  f rom t h e  v e r y  b e g i n n i n g  o f  t h e  
r o t a t i o n s ,  t h e r e  w a s  o b s e r v e d  a d e c r e a s e  i n  t h e  r a t e  o f  h e a r t  c o n 
t r a c t i o n s ,  w h i c h  r e a c h e d  4 6 . 7 %  o f  t h e  o r i g i n a l  l e v e l  t o w a r d  t h e  e n d  
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ot ne time for remaining on the "plateau". The total length of 

time for the acceleration effect in this experiment was 3 min. 


The rate of heart contractions during the administration of /128 

acetylcholine changed insignificantly; during the maximum decrease 

in the level of the arterial pressure, there was a slight reflex 

reaction, taking the form of an increase in the pulse rate by 1.8

3.7%. 


In the experiments on dogs, the changes in the nature of their 

reaction to intravenous administration of acetylcholine, following 

accelerations which were accompanied by signs of "collapse" in the 

compensatory-adjusting reactions of the cardiac activity, were 

expressed to a lesser degree than in the rabbits, and were charac

terized mainly by a slower return of the level of the arterial 

pressure to its original value. 


REACTION TO ELECTRICAL STIMULATION OF THE VAGUS NERVE 


The rabbits' vagus nerves were stimulated by platinum-coated 

electrodes with the aid of the "Neurovar" instrument made by the 

"Alvar" firm, using square-wave pulses lasting 50 msec, at a repe

tition rate of 25 Hz. The 1ength.of time f o r  stimulation was 5 sec, 
and the voltage of the signals was 10 V. 

The data obtained have a rather high degree of reliability and 

show that there is a change in the reaction of the cardiovascular 

system to electrical stimulation of the vagus nerve during the period 

of the after-effects immediately following accelerations (Table 3). 


TABLE 3: CHANGES IN RABBITS' ARTERIAL PRESSURE AND PULSE RATE (AS

A PERCENT OF THE ORIGINAL) WITH STIMULATION OF THE VAGUS NERVE. 


Characteristics Statistical Control After a n  Acceleration 
of 9 UnitsIndex Within 10- Within 6 0 -

I . -P---13 min.- -120 min,. 
-Max. Decrease in 

Arterial Pressure n 19 
i 8 9 

M 72; 1 85,6  75 .0  
f m  2.7 4,58 11.2 

t - i
; 

2,55 012.4 

Dec. in the Rate n 20 11 
of Heart Contractiom M 47,9 I 67,O 

* m  6,42  i
I 

4,46  
t - 2,45 

\ 
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The c h a n g e  i n  a n  o r g a n i s m ' s  s e n s i t i v i t y  t o  t h e  v a g a l  e f f e c t s  
d e p e n d e d  on  t h e  n a t u r e  o f  t h e  a n i m a l s '  r e a c t i o n  t o  t h e  e f f e c t  of 
a c c e l e r a t i o n s  a n d  i n  p a r t i c u l a r  on t h e  d e g r e e  of t h e  d i s o r d e r s  i n  
c a r d i a c  a c t i v i t y  d u r i n g  r o t a t i o n  i n  t h e  c e n t r i f u g e  ( F i g .  2 ) .  

/129 


F i g .  2 .  Change  i n  R a b b i t s '  A r t e r i a l  P r e s s u r e  d u r i n g  E l e c t r i c a l  
S t i m u l a t i o n  o f  t h e  Vagus  N e r v e .  From Top t o  B o t t o m :  A r t e r i a l  P r e s 
s u r e ,  I n d i c a t i o n  o f  S t i m u l a t i o n ,  Time M a r k e r  ( 2  s e c ) .  ( 1 )  C o n t r o l  
E x p e r i m e n t ;  ( 2 )  E f f e c t  o f  A c c e l e r a t i o n  W i t h o u t  " C o l l a p s e "  a n d  ( 3 )  
Wi th  " C o l l a p s e "  o f  C o m p e n s a t i o n  i n  C a r d i a c  A c t i v i t y ;  ( a )  B e f o r e  
A c t i o n  o f  A c c e l e r a t i o n ;  ( b )  1 3 - 1 5  min A f t e r  A c c e l e r a t i o n ;  ( c )  4 0  min 
A f t e r  A c c e l e r a t i o n ;  ( d )  8 0  min A f t e r  A c c e l e r a t i o n .  

A s  we c a n  s e e  f r o m  F i g u r e  2 ,  e l e c t r i c a l  s t i m u l a t i o n  o f  t h e  
p e r i p h e r a l  e n d  o f  t h e  v a g u s  n e r v e  i n  r a b b i t s  w a s  a c c o m p a n i e d  by a 
s i g n i f i c a n t  h y p o t e n s i v e  wave .  The g e n e r a l  p i c t u r e  o f  t h e  c h a n g e  
had  a c l e a r l y  i n d i v i d u a l  c h a r a c t e r  ( l a ,  2 a ,  3 a ) .  However ,  i n  t h e  
c o n t r o l  e x p e r i m e n t s  ( l a ,  lb, IC ,  I d ) ,  t h e r e  w a s  a r a t h e r  s t a b l e  
r e c u r r e n c e  i n  e a c h  a n i m a l  w i t h  r e p e a t e d  s t i m u l a t i o n s  f o r  2 h o u r s ,  
a i n t e r v a l  o f  n o t  l e s s  t h a n  1 5  m i n .  

D u r i n g  t h e  p e r i o d  o f  t h e  a f t e r - e f f e c t s  i m m e d i a t e l y  f o l l o w i n g  
t h e  a c c e l e r a t i o n s ,  t h e  r e a c t i o n  o f  t h e  a r t e r i a l  p r e s s u r e  t o  e l e c 
t r i c a l  s t i m u l a t i o n  o f  t h e  n e r v e  c h a n g e d  s u b s t a n t i a l l y .  I n  e x p e r i 
m e n t s  w h e r e  t h e r e  w e r e  n o  s i g n s  o f  a " c o l l a p s e "  i n  t h e  c o m p e n s a t o r y  
a n d  a d j u s t i n g  r e a c t i o n s  o f  t h e  c a r d i a c  a c t i v i t y  d u r i n g  t h e  4 0 - 6 0  min  
f o l l o w i n g  r o t a t i o n  i n  t h e  c e n t r i f u g e ,  t h e  v a l u e  f o r  t h e  r e a c t i o n  
d e c r e a s e d  s h a r p l y ,  a n d  i t  a c q u i r e d  a c h a r a c t e r  w h i c h  w a s  r e g u l a r  
for a g i v e n  a n i m a l  ( 2 a ,  2 b ,  2 c ,  2 d )  o n l y  a f t e r  8 0  m i n .  I n  t h e  e x 
p e r i m e n t s  wh ich  w e r e  a c c o m p a n i e d  by s i g n s  o f  " c o l l a p s e " ,  t h e  c h a n g e s  
i n  t h e  n a t u r e  o f  t h e  a r t e r i a l  p r e s s u r e  r e a c t i o n  h a d  t h e  same d i r e c 
t i o n ,  b u t  t h e r e  w e r e  a l s o  e l e m e n t s  o f  i n v e r s i o n  i n  t h e  r e a c t i o n :  
a f t e r  t h e  h y p o t e n s i v e  p h a s e ,  t h e r e  w a s  a s e c o n d  h y p e r t e n s i v e  wave 
( 3 a ,  3 b ,  3 c ,  3d). We s h o u l d  n o t e  t h a t  s i m i l a r  i n t e r r e l a t i o n s h i p s  
w e r e  o b s e r v e d  i n  a l l  t h e  e x p e r i m e n t s  f o r  t h e  n a t u r e  o f  t h e  c h a n g e  
of t h e  a r t e r i a l  p r e s , s u r e  r e a c t i o n  t o  s t i m u l a t i o n  o f  t h e  v a g u s  n e r v e ,  
a n d  t h e  d i f f e r e n c e s  c o n s i s t e d  o n l y  i n  t h e  d e g r e e  o f  t h e  c h a n g e s .  

1 3 1  



DISCUSSION OF THE RESULTS OBTAINED 


Thus, the results of the studies indicate that there are changes 

in the functional state of the vegetative regulatory centers during 

the period of the immediate after-effects for long-period, trans

versely-directed accelerations. In relation to this, we should /130 

remember, in particular, that these shifts were detected rather 

clearly during normalization of the physiological characteristics, 
whose changes are generally accepted as indicating an organism's 
reaction to acceleration [ 2 ,  7 1 .  

The change in the reactions to adrenalin and acetylcholine 

show that the effect of accelerations is accompanied by shifts in 

the functional state of the sympathetic and parasympathetic divi

sions of the vegetative nervous system. In particular, the decrease 

in the pharmacological effect of adrenalin indicates considerable 

stress on the organism's sympathetic and adrenalin system. A.S. 

Barer [l] drew similar conclusions on the basis of his studies. 


The value and direction of the change in the functional state 

of the vegetative nervous system during the effect of accelerations 

are governed, in our opinion, by a number of factors. The principal 

ones are the particular nature of the organism's reaction to an 

acceleration and, in particular, the degree of breakdown in the 

cardiac activity during the rotation. In fact, the reactivity of 

the animals to adrenalin and acetylcholine changes to a greater 

extent in those experiments which are accompanied by signs of 

l'collapse'lin the compensatory and adjusting mech-anisms of the cardio

vascular system. Another, no less important, factor determining 

the degree of the changes in the functional state of the vegetative 

nervous system is the length of time for the period of the after

effects. The greatest changes in reactivity are detected within 

15-30 min after the accelerations, and then gradually level off; 

within 90-120 min, the organism's reaction acquires the character 

which is usual for its own individual features. 


The varying direction of the change in the reactivity to the 

mediators of the vegetative nervous system, depending on the pres

ence or absence of signs of "collapse" in the compensatory and 

adjusting mechanisms of cardiac activity, indicate that there are 

definite phases in the changes of the functional interrelationships 

among the vegetative regulatory centers. This assumption is also 

confirmed in the literature by materials on the phase changes of 

the bioelectric activity for the contex and the subcortical forma

tions of the cerebrum during the effect of transverse accelerations 

C 5 1 .  

The experiments on rabbits, with administration of acetyl

choline and stimulation of the vagus nerve, are of definite interest. 

During the intravenous administration of acetylcholine, the change 

in the reaction of the arterial pressure after accelerations can be 

in the same direction, depending on the degree of disorder in cardiac 

activity during rotation in a centrifuge. At the same time, the 
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e x p e r i m e n t s  on  e l e c t r i c a l  s t i m u l a t i o n  o f  t h e  v a g u s  n e r v e  show t h a t  

t h e  c h a n g e s  i n  t h e  r e a c t i v i t y  o f  t h e  c a r d i o v a s c u l a r  s y s t e m  were 

d i r e c t e d  u n i l a t e r a l l y  a n d  d e p e n d e d  on  n e i t h e r  t h e  p r e s e n c e  or a b  

s e n c e  o f  s i g n s  o f  f l c o l l a p s e "  i n  c o m p e n s a t i o n  f o r  t h e  c a r d i a c  a c t i v  

i t y .  T h i s  d i f f e r e n c e  c a n  b e  e x p l a i n e d ,  i n  o u r  o p i n i o n ,  i n  t h e  f o l - /131 

l o w i n g  way. Wi th  i n t r a v e n o u s  a d m i n i s t r a t i o n  o f  a c e t y l c h o l i n e ,  t h e  

v a s c u l a r  component  f o r  r e g u l a t i n g  t h e  a r t e r i a l  p r e s s u r e  h a s  more 

u n i t  w e i g h t ,  w h i l e  t h e  p r i n c i p a l  l i n k  i n  t h e  d e v e l o p m e n t  o f  t h e  

d e p r e s s o r  r e a c t i o n  i n  e l e c t r i c a l  s t i m u l a t i o n  o f  t h e  v a g u s  n e r v e  i s  

t h e  c o n t r a c t i o n  o f  t h e  r h y t h m  f o r  t h e  c a r d i a c  a c t i v i t y .  I n  f a c t ,  

a c o m p a r i s o n  of t h e  d a t a  on  t h e  v a l u e  f o r  t h e  c h a n g e  i n  a r t e r i a l  

p r e s s u r e  a n d  p u l s e  r a t e  show t h a t ,  i n  e x p e r i m e n t s  w i t h  i n t r a v e n o u s  

a d m i n i s t r a t i o n  o f  a c e t y l c h o l i n e ,  t h e  r a t e  o f  h e a r t  c o n t r a c t i o n s  

i s  p r a c t i c a l l y  u n c h a n g e d .  A t  t h e  same t i m e ,  i n  t h e  e x p e r i m e n t s  

w i t h  e l e c t r i c a l  s t i m u l a t i o n  o f  t h e  v a g u s  n e r v e ,  t h e  h y p o t e n s i v e  wave 

f o r  t h e  a r t e r i a l  p r e s s u r e  c o i n c i d e s  w i t h  a l o w e r i n g  o f  t h e  p u l s e  

r a t e .  A c t u a l l y ,  w i t h i n  1 0 - 3 0  min f o l l o w i n g  t h e  a c c e l e r a t i o n ,  t h e  d e  

p r e s s o r  wave o f  t h e  a r t e r i a l  p r e s s u r e  a n d  t h e  d e g r e e  o f  b r a d y c a r d i a  

a v e r a g e  1 . 3 5  a n d  1 9 . 1 %  v a r i a t i o n  f r o m  t h e  o r i g i n a l  l e v e l ,  r e s p e c  

t i v e l y .  T h i s  o b v i o u s l y  i n d i c a t e s  t h a t  t h e  v a r i o u s  l i n k s  i n  t h e  v e g e  

t a t i v e  r e g u l a t i o n  o f  t h e  c a r d i o v a s c u l a r  s y s t e m  c h a n g e  t h e i r  f u n c  

t i o n a l  s t a t e  u n d e r  t h e  i n f l u e n c e  o f  a c c e l e r a t i o n s  t o  v a r i o u s  d e g r e e s .  


T h u s ,  t h e  e f f e c t  o f  t r a n s v e r s e l y - d i r e c t e d  a c c e l e r a t i o n s  i s  l i n k e d  
w i t h  a c h a n g e  i n  t h e  f u n c t i o n a l  s t a t e  o f  t h e  v e g e t a t i v e  n e r v o u s  
s y s t e m .  The d e g r e e  o f  t h e s e  c h a n g e s  a g r e e s  w i t h  t h e  s e v e r i t y  o f  
t h e  d i s o r d e r s  i n  c a r d i a c  a c t i v i t y ,  a n d  t h i s  i s  p r e s e r v e d  f o r  8 0 - 1 2 0  
min  a f t e r  t e r m i n a t i o n  o f  r o t a t i o n  i n  a c e n t r i f u g e .  For a c c e l e r a t i o n s  
w h i c h  a r e  a c c o m p a n i e d  by s h a r p  d i s o r d e r s  i n  c a r d i a c  a c t i v i t y ,  t h e r e  
i s  a f u n c t i o n a l  o v e r s t r a i n  on  t h e  s y m p a t h e t i c  a s  w e l l  a s  p a r a s y m 
p a t h e t i c  d i v i s i o n s  o f  t h e  v e g e t a t i v e  n e r v o u s  s y s t e m .  T h i s  a s s u m p t i o n  
c o n f o r m s  w i t h  t h e  r e s u l t s  o f  s t u d i e s  by A . S .  B a r e r  [l], who ob
s e r v e d  a d e c r e a s e  i n  t h e  amount  o f  a d r e n a l i n - l i k e  s u b s t a n c e s  a n d  
a c e t y l c h o l i n e  i n  t h e  b l o o d  of r a t s ,  e v e n  a t  a c c e l e r a t i o n s  o f  10 u n i t s  
a c t i n g  for 1 m i n .  O b v i o u s l y ,  t h e  c h a n g e  i n  t h e  f u n c t i o n a l  s t a t e  o f  
t h e  v e g e t a t i v e  c e n t e r s  i s  o n e  o f  t h e  i m p o r t a n t  l i n k s  i n  t h e  p a t h o 
g e n e s i s  of d i s o r d e r s  i n  t h e  r e g u l a t i n g  m e c h a n i s m s  for b l o o d  c i r c u 
l a t i o n ,  o c c u r r i n g  d u e  t o  t h e  e f f e c t  of a c c e l e r a t i o n s .  
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MODELING THE FUNCTION OF REGULATION OF THE CARDIOVASCULAR 

SYSTEM DURING WE1 GHTLESSNESS 


1.1. K a s ' y a n  a n d  N . A .  C h e k h o n a d s k i y  

ABSTRACT:  The probZem of a p p l y i n g  methods of 
m a t h e m a t i c a l  modezing t o  a s t u d y  of t h e  func
t i o n  of t h e  c a r d i o v a s c u l a r  s y s t e m  is examined.  
MathematicaZ e x p r e s s i o n s  and e Z e c t r i c a Z  c i r c u i t s  
a r e  p r e s e n t e d  f o r  modeZs which r e f Z e c t  t h e  gen
era2  r u l e s  f o r  t h e  function of t h i s  s y s t e m  under  
c o n d i t i o n s  on Eari5h and dur ing  w e i g h t t e s s n e s s .
The mode2 o b t a i n e d  is used  f o r  examining p a r t i c u -
Zar f e a t u r e s  in t h e  f u n c t i o n i n g  of t h e  c a r d i o 
vascuZar s y s t e m  when c a r r y i n g  o u t  p h y s i c a Z  w o r k  
dur ing  w e i g h t l e s s n e s s .  

I n  e x a m i n i n g  t h e  p a r t i c u l a r  f e a t u r e s  i n  t h e  f u n c t i o n i n g  o f  t h e  / 1 3 2  
c a r d i o v a s c u l a r  s y s t e m  d u r i n g  w e i g h t l e s s n e s s ,  w e  f i n d  i t  e x p e d i e n t  
t o  u s e  t h e  m e t h o d  o f  m a t h e m a t i c a l  m o d e l i n g ,  w h i c h  i s  b e i n g  a p p l i e d  
more a n d  more  w i d e l y  i n  b i o l o g y  a n d  s p a c e  m e d i c i n e  [ 2 ,  6 1 .  

A p p l i c a t i o n  o f  t h i s  m e t h o d ,  a s - w e  know, i s  b y  n o  means  a n  e x 
h a u s t i v e  p r o c e d u r e  f o r  s t u d y i n g  t h e  p h y s i o l o g i c a l  p r o c e s s  i n  i t s e l f ,  
b u t  i t  b r i n g s  u s  c l o s e r  t o  a n  u n d e r s t a n d i n g  o f  c e r t a i n  p a r t s  o f  i t ,  
a n d  i t  makes  i t  e a s i e r  t o  o b s e r v e  ( t o  a c e r t a i n  d e g r e e )  t h o s e  r u l e s  
( a l t h o u g h  v e r y  r o u g h l y )  w h i c h  would  n o t  h a v e  b e e n  n o t i c e d  d u r i n g  
r e g u l a r  e x p e r i m e n t s .  

P R I N C I P A L  FEATURES OF A MODEL OF T H E  CARDIOVASCULAR SYSTEM 

The c a r d i o v a s c u l a r  s y s t e m ,  i n  a n  e x a m i n a t i o n  o f  t h e  m o s t  g e n e r a l  
r e g u l a t o r y  p r o c e s s e s ,  c a n  b e  r e p r e s e n t e d  i n  t h e  f o r m  o f  a m e c h a n i c a l  
m o d e l ,  a s  w e l l  a s  i n  t h e  f o r m  o f  a n  e l e c t r i c a l  m o d e l .  S u c h  m o d e l s  
a r e  u s u a l l y  composed o f  a number o f  l i n k s  w h i c h  c o n s i d e r  t h r e e  p r i n 
c i p a l l y  d i f f e r e n t  t y p e s  o f  e l e m e n t s .  I n  a m e c h a n i c a l  m o d e l ,  t h i s  
would  b e  a c e r t a i n  mass ,  a s p r i n g ,  a n d  a n  e l e m e n t  o f  v i s c o u s  f r i c 
t i o n .  

The component  e l e m e n t s  o f  a n  e l e c t r i c a l  m o d e l  a r e  i n d u c t a n c e ,  
e l e c t r i c a l  c a p a c i t a n c e ,  a n d  r e s i s t a n c e .  I n  e x a m i n i n g  o u r  p r o b l e m ,  
w e  w i l l  l i m i t  o u r s e l v e s  t o  a s t u d y  of o n l y  t h e  p r o p e r t i e s  o f  a m o d e l  
w h i c h  i s  made u p  o f  l i n k s  o f  t w o  t y p e s  - i n d u c t a n c e  a n d  r e s i s t a n c e .  
The v a l i d i t y  o f  u s i n g  s u c h  a m e t h o d  comes f r o m  t h e  f o l l o w i n g  c i r c u m 
s t a n c e s .  

I t  i s  w e l l  known t h a t ,  i n  i m p o s i n g  a n y  f u n c t i o n a l  p h y s i c a l  
s t r e s s ,  t h e  r a t e  o f  h e a r t  c o n t r a c t i o n s  i n c r e a s e s .  However ,  a 
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c h a n g e  i n  t h e  p u l s e  r a t e  i s  made ,  n o t  i n s t a n t a n e o u s l y ,  b u t  a f t e r  a 
d e f i n i t e  p e r i o d  o f  t i m e .  T h u s ,  t h e  g i v e n  p r o c e s s  h a s  a c e r t a i n  i n - / 1 3 3  
e r t i a ,  w h i c h  i s  p e c u l i a r  t o  t h e  mass i n  t h e  m e c h a n i c a l  s y s t e m ,  a n d  
p e c u l i a r  t o  i n d u c t a n c e  i n  t h e  e l e c t r i c a l  s y s t e m .  

The f u n c t i o n i n g  o f  t h e  c a r d i o v a s c u l a r  s y s t e m ,  n a t u r a l l y ,  i n 
v o l v e s  e n e r g y  e x p e n d i t u r e s .  If we a s sume  t h a t  e a c h  c a r d i a c  c y c l e  
i s  l i n k e d  w i t h  e x p e n d i t u r e  o f  a d e f i n i t e  p o r t i o n  o f  e n e r g y ,  + h e n  
t h e  i n c r e a s e  i n  t h e  p u l s e  r a t e  d u r i n g  p h y s i c a l  s t r e s s ,  o b v i o u s l y  
c a u s e d  a c o r r e s p o n d i n g  i n c r e a s e  i n  n o n - r e c o v e r a b l e  l o s s e s  o f  e n e r g y .  

I n  a m e c h a n i c a l  m o d e l ,  t h e  n o n - r e c o v e r a b l e  l o s s e s  o f  e n e r g y  
a r e  r e f l e c t e d  by t h e  p r e s e n c e  of a n  e l e m e n t  o f  v i s c o u s  f r i c t i o n ,  
w h i l e ,  i n  t h e  e l e c t r i c a l  m o d e l ,  t h e y  a r e  r e f l e c t e d  by r e s i s t a n c e .  

A s  a c o n s e q u e n c e ,  i n  s t u d y i n g  t h e  m o s t  g e n e r a l  r e g u l a t o r y  p r o 
c e s s e s  p e c u l i a r  t o  t h e  c a r d i o v a s c u l a r  s y s t e m  d u r i n g  p h y s i c a l  s t r e s s ,  
we w i l l  u s e  a v e r y  s i m p l e  mode l  w h i c h  c o n s i s t s  o f  s u c h  e l e m e n t s  a s  
i n d u c t a n c e  a n d  r e s i s t a n c e .  M o r e o v e r ,  i n  o r d e r  t o  a b b r e v i a t e  i t s  
name,  we w i l l  i n  f u t u r e  c a l l  i t  t h e  m o d e l  o f  t h e  c a r d i o v a s c u l a r  s y s 
t e m .  

T H E  E L E C T R I C A L  MODEL OF THE CARDIOVASCULAR SYSTEM U N D E R  T H E  
CONDITIONS O N  E A R T H  

The e l e c t r i c a l  m o d e l s  of t h e  c a r d i o v a s c u l a r  s y s t e m ,  for a n  
o r g a n i s m  a t  r e s t  a n d  f o r  a f u n c t i o n a l  p h y s i c a l  s t r -ess  u n d e r  t h e  
c o n d i t i o n s  on E a r t h  a r e  shown i n  F i g u r e  1. 

The i n d u c t a n c e  L r e f l e c t s  t h e  p r e s e n c e  o f  i n e r t i a  i n  t h e  s y s t e m  
d u r i n g  a n  i n c r e a s e  i n  t h e  p h y s i c a l  s t r e s s .  The r e s i s t a n c e  RO r e 

. f l e c t s  t h e  p r e s e n c e  o f  l o s s e s  i n  e n e r g y  d u r i n g  t h e  r e s t i n g  c o n d i t i o n  
o f  a n  o r g a n i s m ,  a n d  t h e  r e s i s t a n c e  R r e f l e c t s  a n  i n c r e a s e  i n  t h e  
l o s s  o f  e n e r g y  c a u s e d  by p h y s i c a l  s t r e s s .  

The p r e s e n c e  a t  t h e  i n p u t  ( F i g .  l a )  o f  a v o l t a g e  U O  c o r r e s p o n d i n g  

L 1tI-=-, 

I
I -I I 


F i g .  1. E l e c t r i c a l  Model  o f  t h e  C a r d i o v a s c u l a r  S y s t e m  Under  t h e  
C o n d i t i o n s  on E a r t h ,  a n d  I t s  Dynamic C h a r a c t e r i s t i c  (1) Organ i sm 
a t  R e s t ;  ( 2 )  D u r i n g  P h y s i c a l  S t r e s s ;  (3) Change  i n  t h e  P u l s e  Ra te  

d u r i n g  P h y s i c a l  S t r e s s  
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t o  a c e r t a i n  " s t ress"  o n  t h e  c a r d i o v a s c u l a r  s y s t e m  when a n  o r g a n i s m  /134 
i s  a t  r e s t  c a u s e s  a c u r r e n t  c o n n e c t i o n ,  t o  w h i c h ,  i n  o u r  c a s e ,  t h e  
p u l s e  r a t e  fo c o r r e s p o n d s .  

I n  t h e  c a s e  of  t h e  p r e s e n c e  o f  p h y s i c a l  s t r e s s  ( F i g .  l b )  a t  
t h e  i n p u t ,  i n  a d d i t i o n  t o  t h e  v o l t a g e  u o ,  t h e r e  i s  a v o l t a g e  p o t e n 
t i a l  U s ,  a n d  t h e  r e s i s t a n c e  R ,  w h i c h  r e f l e c t s  t h e  e f f e c t  o f  a p h y s i 
c a l  s t r e s s  o n  t h e  c a r d j . c T r a s c u l a r  s y s t e m ,  i s  s w i t c h e d  o n .  The p u l s e  
r a t e  i n  t h i s  c a s e  c h a n g e s ,  a n d  b e c o m e s  e q u a l  t o  f. 

L e t  u s  f i n d  t h e  r e l a t i o n s h i p s  b e t w e e n  t h e s e  v a l u e s ,  d e r i v i n g  
them f r o m  t h e  p r o p e r t i e s  o f  t h e  e l e c t r i c a l  m o d e l  f o r  t h e  c a r d i o v a s c u 
l a r  s y s t e m .  

The p u l s e  r a t e  a t  r e s t  i s  d e t e r m i n e d  b y  t h e  r e l a t i o n s h i p :  

u of , =  j&-. 

D u r i n g  s t r e s s ,  t h e  p u l s e  r a t e  r e a c h e s  a v a l u e :  

The c h a n g e  i n  t h e  p u l s e  r a t e  d u r i n g  m e a s u r e d  p h y s i c a l  s t r e s s  for 
a c e r t a i n  l e n g t h  o f  t i m e  ( F i g .  I C )  w i l l  h a v e  t h e  f o l l o w i n g  c h a r a c t e r :  
t h e  i n c r e a s e  i n  t h e  p u l s e  r a t e  d u r i n g  p h y s i c a l  s t r e s s  i s  t h e  f o l l o w 
i n g  : 

7I :I- e) ( 3 )f = f o  + (f, - f o )  

w h e r e  T s  i s  t h e  c o n s t a n t  f o r  t h e  t i m e  o f  i n c . r e a s e  i n  t h e  p u l s e  r a t e  
d u r i n g  s t r e s s ;  t h e  r e c o v e r y  o f  t h e  p u l s e  r a t e  a f t e r  p h y s i c a l  s t r e s s  
is t h e  f o l l o w i n g :  

w h e r e  T,, i s  t h e  t i m e  c o n s t a n t  f o r  t h e  r e c o v e r y  o f  t h e  p u l s e  r a t e  
a f t e r  t h e  stress. 

The t i m e  c o n s t a n t  f o r  a n  i n c r e a s e  i n  t h e  p u l s e  r a t e  d u r i n g  
s t r e s s ,  Ts, i s  d e t e r m i n e d  b y  t h e  f o l l o w i n g  r e l a t i o n s h i p :  
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w h i l e  d u r i n g  r e c o v e r y  of t h e  p u l s e  r a t e  a f t e r  t h e  s t ress  i t  i s :  

Tre= 	 -l! Ro 

I n  a n a l y z i n g  ( 5 )  a n d  ( 6 ) ,  w e  c a n  e a s i l y  b e  c o n v i n c e d  t h a t  

T h e r e f o r e ,  by  u s i n g  t h e  v e r y  s i m p l e  e l e c t r i c a l  m o d e l  w e  h a v e  /135 
e x a m i n e d ,  w h i c h  r e f l e c t s  t h e  p r o p e r t i e s  f o r  r e g u l a t i o n  o f  t h e  c a r d i o 
v a s c u l a r  s y s t e m  d u r i n g  p h y s i c a l  s t r e s s ,  w e  h a v e  t h e  f o l l o w i n g  f e a t u r e s :  

( a >  The p u l s e  r a t e  i n c r e a s e s  i n  p r o p o r t i o n  t o  t h e  s t r e s s .  

( b )  The i n c r e a s e  i n  t h e  p u l s e  r a t e  d u r i n g  m e a s u r e d  p h y s i c a l  
s t r e s s  o c c u r s  much more  r a p i d l y  t h a n  d o e s  r e c o v e r y  a f t e r  t h e  s t r e s s .  

The a b o v e - m e n t i o n e d  f e a t u r e s  o f  t h e  e l e c t r i c a l  m o d e l  r e f l e c t  
t h e  g e n e r a l  r e g u l a t o r y  r u l e s  p e c u l i a r  t o  t h e  c a r d i o v a s c u l a r  s y s t e m  
d u r i n g  p h y s i c a l  s t r e s s .  

A s  a n  e x a m p l e  w h i c h  c o n f i r m s  t h i s  c o n c e p t ,  o n e  o f  t h e  g r a p h s  
f o r  t h e  c h a n g e  i n  t h e  p u l s e  r a t e  i n  s u b j e c t s  e x p o s e d  t o  5 m i n u t e s  
o f . m e a s u r e d  p h y s i c a l  s t r e s s  ( a c c o r d i n g  t o  t h e  d a t a  o f  B . S .  K a t o v s k i y )  
i s  g iv 'en  i n  F i g u r e  2 .  

I n  a n a l y z i n g  t h e  m a t e r i a l s  p r e s e n t e d ,  w e  c a n  s e e  t h a t  t h e r e  i s  
a c e r t a i n  f e a t u r e  o f  t h e  human c a r d i o v a s c u l a r  s y s t e m  w h i c h  i n v o l v e s  
r e a r r a n g e m e n t  o f  i t s  p a r a m e t e r s  d u r i n g  t h e  o c c u r r e n c e  o f  p h y s i c a l  
s t r e s s .  

The p r e s e n c e  o f  t h i s  f e a t u r e  g u a r a n t e e s  a more  r a p i d  r e t u r n  o f  
t h e  s y s t e m  t o  t h e  n e c e s s a r y  l e v e l  for i t s  f u n c t i o n i n g  t h a n  wou ld  b e  

L.l.. 	 t h e  c a s e  i f  t h e  s y s t e m  a l w a y s  had  t h e  
same d y n a m i c  p r o p e r t i e s  a s  t h o s e  i t  
h a s  d u r i n g  t h e  r e c o v e r y  o f  t h e  p u l s e  
r a t e  a f t e r  a s t r e s s .  

The d e g r e e  o f  r e a r r a n g e m e n t  f o r  
t h e  r e g u l a t o r y  s y s t e m  c a n  b e  p r e s e n t e d  
i n  t h e  f o l l o w i n g  way: 

p=-.T r e  ( 7 )  
F i g .  2 .  P u l s e  R a t e  TS 
d u r i n g  Measured  P h y s i c a l  
S t r e s s  ( A c c o r d i n g  t o  t h e  The c o n c e p t s  w e  h a v e  p r e s e n t e dData o f  B . S .  K A t o v s k i y ) .  a b o v e  r e l a t e  t o  t h e  f u n c t i o n i n g  o f  t h e  

138 




c a r d i o v a s c u l a r ' s y s t e m  u n d e r  t h e  c o n d i t i o n s  o n  E a r t h .  However ,  t h e  
same f e a t u r e s  a r e  p r o b a b l y  p r e s e r v e d ,  t o  some d e g r e e ,  d u r i n g  w e i g h t 
l e s s n e s s .  

U n f o r t u n a t e l y ,  w e  d o  n o t  now h a v e  e n o u g h  m a t e r i a l s  on t h e  r e 
a c t i o n  o f  t h e  c a r d i o v a s c u l a r  s y s t e m  t o  p h y s i c a l  s t r e s s  d u r i n g  w e i g h t 
l e s s n e s s ,  w h i c h  i s  o f  v e r y  g r e a t  i n t e r e s t .  T h e r e f o r e ,  w e  a t t e m p t e d  
t o  a n a l y z e  t h i s  p r o b l e m  by  u s i n g  t h e  g e n e r a l  p r o p e r t i e s  o f  t h e  a b o v e -
d e s c r i b e d  m o d e l  f o r  t h e  c a r d i o v a s c u l a r  s y s t e m  a n d  t h e  d a t a  w e  h a v e  
on  t h e  c h a r a c t e r  o f  t h e  f u n c t i o n i n g  of  t h e  c a r d i o v a s c u l a r  s y s t e m  
d u r i n g  w e i g h t l e s s n e s s .  

THE E L E C T R I C A L  MODEL OF THE CARDIOVASCULAR SYSTEM F O R  /136 
THE CONDITIONS OF WEIGHTLESSNESS 

I n  s t u d i e s  by  V . N .  C h e r n o v  a n d  V . I .  Y a k o v l e v  [ S I ,  O . G .  Gazenko  
[ I + ] ,  R . M .  B a y e v s k i y  a n d  O . G .  Gazenko  [l],  1.1. K a s ' y a n  a n d  V . I .  
Kopanev [ 7 ] ,  a n d  V . I .  Y a z d o v s k i y  e t  a l .  [ 9 ] ,  i t  h a s  b e e n  shown t h a t  
t h e  r e c o v e r y  of  p u l s e  r a t e  i n  a n i m a l s  a n d  humans d u r i n g  w e i g h t 
l e s s n e s s  o c c u r s  much more  s l o w l y  t h a n  on E a r t h .  

A c c o r d i n g  t o  t h e  d a t a  o f  A . R .  K o t o v s k a y a ,  n o r m a l i z a t i o n  o f  t h e  
p u l s e  r a t e  f o r  t e s t  s u b j e c t s  a n d  a s t r o n a u t s  a f t e r  r o t a t i o n  i n  
a c e n t r i f u g e  o c c u r s  w i t h i n  t h e  f i r s t  3 - 5  min  a f t e r  t e r m i n a t i o n  o f  
t h i s  e f f e c t .  Under  t h e  c o n d i t i o n s  o f  w e i g h t l e s s n e s s ,  t h e  r e t u r n  o f  
t h e  p u l s e  r a t e  t o  i t s  o r i g i n a l  v a l u e s  o c c u r s  a f t e r  s e v e r a l  h o u r s .  

T h e r e f o r e ,  i f  w e  a p p l y  t h e  m o d e l  o f  t h e  c a r d i o v a s c u l a r  s y s t e m  
t o  a n a l y z i n g  t h e s e  d a t a ,  w e  w i l l  s e e  t h a t  t h e  t i m e  c o n s t a n t  f o r  r e 
c o v e r y  o f  t h e  p u l s e  r a t e  d u r i n g  w e f g h t l e s s n g s s  m u s t  e x c e e d  somewhat  
t h e  a n a l o g o u s  v a l u e  u n d e r  t h e  c o n d i t i o n s  o n  E a r t h .  

M o r e o v e r ,  t h e  p u l s e  r a t e  
f o r  t h e  m a j o r i t y  o f  s u b j e c t s  a t  
r e s t  d u r i n g  w e i g h t l e s s n e s s  h a s  a 
t e n d e n c y  t o  d e c r e a s e  somewha t ,  
i n  c o m p a r i s o n  w i t h  t h e  o r i g i n a l  
v a l u e s  [I, 9 3 .  

The e l e c t r i c a l  m o d e l s  o f  t h e  
2 f- Ls c a r d i o v a s c u l a r  s y s t e m ,  i n  a r e s t i n g
Ic o n d i t i o n  a n d  w i t h  p h y s i c a l  s t r e s s  

uos+us 	 d u r i n g  w e i g h t l e s s n e s s ,  a r e  shown 
i n  F i g u r e  3 .  The d i f f e r e n c e  b e 
t w e e n  t h e  l a t t e r  a n d  s i m i l a rWG m o d e l s  f o r  t h e  c o n d i t i o n s  on  E a r t h  

F i g .  3 .  E l e c t r i c a l  Model  of  c o n s i s t s  i n  t h e  f o l l o w i n g :  

t h e  C a r d i o v a s c u l a r  S y s t e m  

D u r i n g  W e i g h t l e s s n e s s .  (1) ( a )  The ohmic  r e s i s t a n c e  

R e s t i n g  C o n d i t i o n  f o r  t h e  f o r  t h e  m o d e l  rg i s  l e s s  t h a n  t h e  

O r g a n i s m ;  ( 2 )  P h y s i c a l  S t r e s s  same v a l u e  o f  R O  for t h e  c o n d i t i o n s  
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on Earth, which reflects a decrease in the losses of energy for the 

functioning of the cardiovascular system during weightlessness; 


(b) The voltage U o S ,  guaranteeing the functioning of the cardio
vascular system at a rate f o s ,  is less than the same value for 
terrestrial conditions, as a result of which f o s  < f o ;  

(c) The time constant for recovery of the pulse rate after 

physical stress Treysis greater than the same value for terrestrial 

conditions. 


Thus, this model o f  the cardiovascular system reflects the 
principal features of the functioning of the cardiovascular system 
during weightlessness, 

CERTAIN FEATURES OF THE FUNCTIONING OF THE CARDIOVASCULAR /137 


Using the properties of the model described, we will attempt to 

answer the question of what kind of reaction the cardiovascular sys

tem will show in response to physical stress during weightlessness. 


One of the model's properties, as we have shown earlier, is the 
definite relationship between the time constant for the increase in 
pulse rate and that f o r  its recovery after physical stress, expressed, 
by ( 7 ) .  

This relationship, which reflects the ranges for rearrangement 

of the cardiovascular system is probably also maintained during 

weightlessness, although it will be expressed numerically by another 

value. 


Let us assume that the cardiovascular system during weightless

ness has other ranges for the regulatory rearrangement than those on 

Earth. 


We will represent this relationship in the following way: 


( 8 )  

where T o s  and Tremsare the time constants for increase and recovery 
of the pulse rate for physi.cal stress d u r i n g  weightlessness; 
n is the range of adjustment of the cardiovascular system for physi
cal stress during weightlessness. 

The time constant for increase in pulse rate during weight
lessness can be found from ( 8 )  in the following way: 

Tre,
Tos,= np 
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F o r  terrestrial conditions, n = 1. The case when n > 1 corre
sponds to an increase; when n < 1, it corresponds to a decrease, in 
the range of adjustment of the cardiovascular system during physical 
stress under certain changed exterior conditions. Moreover, the 
increase in the latter (i.e. when n > 1) should be examined, in all 
probability, as a certain improvement of the dynamic properties of 
the regulatory system, while the opposite tendency indicates their 
decline. 

Since the evolution of organisms on the Earth occurred during 

the presence of a constant force of gravitation, the various systems 

of these organisms function best under these same conditions (?.e., 

those to which they are accustomed). If deviations in either direc

tion from the terrestrial conditions are permissible for certain 

organisms, then the processes of life activity will differ somewhat 

from the optimal ones peculiar to terrestrial conditions. As a 

result of this, in a number of the organism's systems (as we see 

it) there will be a certain change in the adaptation and compensation

possibilities for the organism, primarily in the cardiovascular /138 

system. 


On the basis of these assumptions, we will consider that under 
the conditions of weightlessness the range for readjustment of the 
cardiovascular system will decrease, ;.e. n < 1. 

In analyzing formula ( 9 ) ,  we can easily see that this case 
corresponds to an increase in the time constant T o s . ,  in comparison 
with its value for terrestrial conditions. 

The time constant T o s  can be represented in the following way: 

where Ls and Rs are the parameters of the electrical model of the 

cardiovascular system during weightlessness. 


As follows from our hypothesis, there is a certain increase in 
the time constant T o s  during weightlessness. The latter can occur 
in the case when L s  increases, as well as in the case when R s  de
creases. The first case is only slightly probable, since we have 
no reasons for anticipating any increase of inertia, determined in 
mechanical systems by the mass, during weightlessness. 

Thus there remains the second case, %.e. the increase in the 

value of Rs corresponding to viscous friction, which causes non

recoverable losses of energy in the system. 


Let us use the materials we have obtained for analyzing the 

particular features of the functioning of the cardiovascular system 

during weightlessness under repeated physical stress, with relatively 
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short-period intermissions in between.Figure 4 shows the curves �or 

the change in the pulse rate during the time when a man is 

periodically performing physical work of a given intensity under 

terrestrial conditions and during weightlessness, constructed on 

the basis of the properties of our model. If, under terrestrial 

conditions, the relationship between the time for accomplishing 

the physical work and the pause is such that the pulse rate 

will not return to its original value, then this cannot occur under 

conditions of weightlessness. 


Actually, such a parameter for the model of the cardiovascular 
system as R s  will not decrease under conditions of weightlessness. 
However, as follows from ( 2 ) ,  a decrease in the latter during physi
cal stress of the same intensity results in an increase of pulse 
rate. 

Consequently, the level of the pulse rate will be higher 

during weightlessness than during accomplishment of similar work 

under terrestrial conditions. 


Moreover, the recovery of the pulse rate to its original 

value the first time a man is under the conditions of weightlessness 

will occur much more slowly than .on Earth. 


Obviously, much more time is required for carrying our regular /139 

operations during weightle'ssness than on Earth. 


This can lead to the fact that much more time is required for 

rest during weightlessness than is necessary when accomplishing 

similar physical work under terrestrial conditions (Fig. 4b). 


The relationship between the time for rest during weightless

ness tow and under terrestrial conditions tO,te should follow, as 

we are easily convinced, from the following dependence: 


Fig. 4. The Pulse Rate under Terrestrial Conditions (1) and 

During Weightlessness (2) during Periodical Physical Work (a) of 

a Given Intensity and during Various Periods of Rest (b). (A) 

Length of Time for Rest in Weightlessness, Same as on Earth; 

( B )  Length of Time for Rest During Weightlessness Increased. 




Such are the results leading from the properties of the model 

we have examined, which reflects to some degree the principal 

regulatory processes existing in the human cardiovascular system 

on Earth and during weightlessness. Further development of this 

problem, we can hope, will make the parameters of the model more 

accurate and, in particular, will allow us to study the possible 

adaptation of a human organism to the conditions of weightlessness 

as well as the individual features of the organism which affect 

the parameters of the model. This can permit using the model in /140 

the future �or a preliminary prediction of an organism's functional 

condition during weightlessness, which is of definite interest. 


1. 
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REACTION OF THE HUMAN ORGANISM Tn THE EFFECT nF RAPIDLY 

INCREASIMG ACCELEFIATION DURING LAND1NG 


A . S .  B a r e r ,  S . A .  G o z u l o v ,  V . A .  D e g t y a r e v ,  V . K .  K o s t i n ,  
V . M .  T a r d o v ,  V . A .  E l i v a n o v ,  a n d  E . V .  Y a k o v l e v a  

ABSTRACT:  The toZerance  of a human s u b j e c t  t o  
r a p i d Z y - i n c r e a s i n g  a c e e Z e r a t i o n s  d u r i n g
Zanding, and c e r t a i n  ways f o r  i n c r e a s i n g  r e s i s t 
ance t o  them,  a r e  examined .  The l i m i t s  of good 
toZerance  and t h e  symptoms i n d i c a t i n g  an approach 
t o  t h e s e  Z i m i t s ,  a s  weZZ a s  t h e  n a t u r e  o f  t h e  
changes i n  t h e  f u n c t i o n a l  s y s t e m s  of t h e  organ i sm 
a r e  e s t a b Z i s h e d .  The maximum endurab le  a c c e l 
e r a t i o n s  were found t o  be t h o s e  of 2 2 - 2 3  u n i t s ,  
w i t h  a r a t e  of i n c r e a s e  o f  4 0 0 0 - 5 0 0 0  u n i t s / s e c  
a c t i n g  f o r  0 . 0 3 - 0 . 0 4  s e e  i n  t h e  "head-pe Zv is"  
d i r e c t i o n  and 3 5 - 4 0  u n i t s  i n  t h e  N c h e s t - b a c k n  
d i r e c t i o n .  

A t  t h e  p r e s e n t  t i m e ,  i n  c o n n e c t i o n  w i t h  t h e  d e v e l o p m e n t  o f  /140 
r o c k e t  t e c h n o l o g y  a n d  s p a c e  f l i g h t s , a  new p r o b l e m  h a s  a r i s e n  i n  t h e  
domain  o f  t h e  s t u d y  o f  l i m i t i n g  f a c t o r s  i n  s p a c e  f l i g h t s  a n d  t h e i r  
e f f e c t  on  t h e  human o r g a n i s m  - t h e  p r o b l e m  o f  a s a f e  l a n d i n g  f o r  
t h e  c rew i n  t h e  s p a c e c r a f t  c a p s u l e .  

I t  i s  w e l l  known t h a t  a c c e l e r a t i o n s  d u r i n g  l a n d i n g  d i f f e r  
s u b s t a n t i a l l y  f r o m  a c c e l e r a t i o n s  d u r i n g  l a u n c h i n g ,  i n  t h e i r  r a t e  
o f  i n c r e a s e  (more  t h a n  2 0 0 0  u n i t s  p e r  s e c o n d ) ,  l e n g t h  o f  t i m e  d u r i n g  
w h i c h  t h e y  a c t  ( h u n d r e d t h s  o f  a s e c o n d ) ,  a n d  m a g n i t u d e ,  a n d  t h e y  c a n  
p r e s e n t  s i g n i f i c a n t  d a n g e r  t o  man. 

S p e c i f i c  f e a t u r e s  o f  t h e  e v e n t s  o c c u r r i n g  d u r i n g  t h e  l a n d i n g  
p r o c e s s  r e q u i r e  s p e c i a l  e x a m i n a t i o n  o f  t h e  p r o b l e m .  The s t u d y  o f  / 1 4 1  
t h e  o r g a n i s m ' s  r e s p o n s i v e  r e a c t i o n s  t o  t h e  e f f e c t  o f  a c c e l e r a t i o n s  
o f  g r e a t  m a g n i t u d e  d u r i n g  l a n d i n g ,  a n d  t h e  d e t e r m i n a t i o n  o f  human 
t o l e r a n c e  t o  t h e m ,  a r e  n e c e s s a r y  c o n d i t i o n s  f o r  g u a r a n t e e i n g  s u c 
c e s s f u l  s p a c e  f l i g h t s .  

T h e r e  a r e  a l a r g e  number  o f  s t u d i e s  i n  w o r l d  l i t e r a t u r e  o n  t h e  
s t u d y  o f  human t o l e r a n c e  t o  a c c e l e r a t i o n s  d u r i n g  l a n d i n g  [ 2 - 6 1 .  

However ,  a l a r g e  number of  q u e s t i o n s  i n  t h e  l a n d i n g  p r o b l e m ,  
i n c l u d i n g  t h e  n a t u r e  of  i t s  a p p l i c a t i o n ,  h a v e  b e e n  l e f t  u n e x p l a i n e d .  
Thus  f o r  e x a m p l e ,  t h e  q u e s t i o n  o f  t h e  u p p e r  l i m i t  f o r  human t o l e r 
a n c e  t o  a c c e l e r a t i o n s  d u r i n g  l a n d i n g ,  a n d  t h e  q u e s t i o n  o f  ways  
for i n c r e a s i n g  r e s i s t a n c e  t o  t h e m ,  h a v e  n o t  b e e n  a n s w e r e d .  
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S o l u t i o n  o f  some o f  t h e s e  q u e s t i o n s  h a s  l e d  i n  p a r t i c u l a r  t o  
t h e  u s e  o f  i n d i v i d u a l l y  m o l d e d  s e a t s  a b o a r d  t h e  r lVoskhodr l  s p a c e 
c r a f t  w h i c h  g u a r a n t e e  t h e  c r e w  o p t i m a l  c o n d i t i o n s  f o r  t o l e r a n c e  t o  
a c c e l e r a t i o n s  c11. T h i s  a r t i c l e  i n v o l v e s  a n  e x a m i n a t i o n  o f  human 
t o l e r a n c e  t o  a c c e l e r a t i o n s  d u r i n g  l a n d i n g ,  a n d  t h e  r e s p o n s i v e  
r e a c t i o n  o f  t h e  o r g a n i s m  t o  s u c h  e f f e c t s .  

D u r i n g  t h e  e x a m i n a t i o n  p r o c e s s ,  w e  c o n d u c t e d  t w o  s e r i e s  o f  
e x p e r i m e n t s .  I n  t h e  f i r s t  s e r i e s ,  t h e  d i r e c t i o n  o f  a c c e l e r a t i o n s  
w a s  c l o s e  t o  t h e  l e n g t h w i s e  a x i s  o f  t h e  b o d y  ( l l h e a d - p e l v i s l l ) .  I n  
t h e  s e c o n d  s e r i e s ,  t r a n s v e r s e l y - d i r e c - c e d  a c c e l e r a t i o n s  p r e d o m i 
n a t e d  ( " c h e s t - b a c k " ) .  The l a n d i n g  w a s  made on  a s p e c i a l  s e a t  
m o u n t e d  on  a p l a t f o r m ,  w h i c h  w a s  j e t t i s o n e d  o n t o  s o i l s  o f  v a r y i n g  
d e n s i t y .  The a c c e l e r a t i o n s  were r e c o r d e d  o n  a c c e l e r o m e t e r s  
w h i c h  w e r e  mounted  on  t h e  s e a t  a n d  p l a t f o r m .  

An o b j e c t i v e  e v a l u a t i o n  o f  t h e  c o n d i t i o n  o f  t h e  o r g a n i s m  w a s  
made by a m e d i c a l  c o n t r o l  g r o u p  a n d  by r e c o r d i n g s  o f  t h e  e l e c t r o 
c a r d i o g r a m ,  t h e  a r t e r i a l  p r e s s u r e ,  b a l l i s t o c a r d i o g r a m s ,  r e s p i r a t i o n ,  
e t c .  

N i n e t y  e x p e r i m e n t s  i n  a l l  were c o n d u c t e d ,  w i t h  t h e  p a r t i c i p a t i o n  
o f  11 s u b j e c t s .  

For a homogenous d i s t r i b u t i o n  o v e r  t h e  body o f  t h e  p r e s s u r e  
w h i c h  a r i s e s  a t  t h e  moment o f  t h e  a p p e a r a n c e  o f  t h e  a c c e l e r a t i o n s ,  
a n d  i n  o r d e r  t o  i n c r e a s e  human r e s i s t a n c e  t o  t h e m ,  t h e  s e a t  w a s  
made up  o f  i n d i v i d u a l l y  s h a p e d  p i e c e s  o f  v a r i o u s  s y n t h e t i c  m a t e r i a l s .  
D u r i n g  t h e  t e s t i n g  p r o c e s s ,  t h e  a c c e l e r a t i o n s  i n c r e a s e d  g r a d 
u a l l y  f r o m  e x p e r i m e n t  t o  e x p e r i m e n t .  

The l i m i t s  f o r  t o l e r a n c e  were  d e t e r m i n e d  by t h e  a p p e a r a n c e  o f  
a d v e r s e  s u b j e c t i v e  s e n s a t i o n s  ( p a i n ,  e t c . )  or b y  c h a n g e s  i n  t h e  
e l e c t r o p h y s i o l o g i c a l ,  c l i n i c a l ,  a n d  c l i n i c a l  a n d  b i o c h e m i c a l  c h a r 
a c t e r i s t i c s .  

I n  t h e  f i r s t  s e r i e s  o f  e x p e r i m e n t s ,  u n p l e a s a n t  symptoms a p 
p e a r e d  i n  t h e  f o r m  o f  p a i n  i n  t h e  a r e a  o f  t h e  4 - 5 t h  t h o r a c i c  v e r t e 
b r a e  when t h e  l e n g t h w i s e  c o m p o n e n t  of a c c e l e r a t i o n s  r e a c h e d  2 2  
u n i t s .  The t i m e  o f  t h e  a c t i o n  o f  t h e  a c c e l e r a t i o n s  i n  t h i s  
s e r i e s  w a s  w i t h i n  t h e  r a n g e  o f  0 . 0 4  s e c ,  a n d  t h e  r a t e  o f  i n c r e a s e  
w a s  3 0 0 0 - 4 0 0 0  u n i t s / s e c .  

I n  t h e  s e c o n d  s e r i e s ,  a c c e l e r a t i o n s  o n  t h e  o r d e r  o f  3 5  - 40  / 1 4 2  
u n i t s  a c t i n g  f o r  0 . 0 3  s e c  w i t h  a r a t e  o f  i n c r e a s e  on  t h e  o r d e r  o f  
5 0 0 0  u n i t s / s e c  w e r e  f o u n d  t o  b e  c l o s e  t o  t h e  maximum t h a t  c o u l d  b e  
e n d u r e d .  

I n  t h i s  s e r i e s ,  t h e  a p p e a r a n c e  o f  p a i n  i n  t h e  p e l v i c  r e g i o n ,  
a n d  i n s i g n i f i c a n t  t r a n s i t i o n a l  c h a n g e s  i n  t h e  s u b j e c t s '  u r i n e  ( a p 
p e a r a n c e  o f  e r y t h r o c y t e s )  w a s  t h e  moment w h i c h  d e t e r m i n e d  t h a t  
f u r t h e r  i n c r e a s e  o f  t h e  e f f e c t  m u s t  b e  s t o p p e d .  
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In some experiments o.f the second series, we used a shock ab 

sorber, which decreased the accelerations in the head and chest 

areas by increasing the accelerations on the platform up to 70 

units. In this case, the seat turned through an arc in the vertical 

plane at the moment of operation of the shock absorber. In view 

of the shortness of the turn, despite the significant angular ac 

celerations (on the order of 300 units/sec2), the maximum angular 

velocity was low. 


In both examination series, the subjects evaluated the effect 

of the accelerations as an impact distributed evenly over the body and 

increasing in intensity with an increase in the magnitude of the 

active factors, all the way to the above-described pain sensations. 

There was also noted a significant predominance of individual model

ing in comparison with the average (for a given age) modeling which 

was established in several control experiments. The subjects did 

not feel the seat turning. 


The most typical changes in the objective characteristics did 

not exceed the limits for the physiological norm, and they were 

usual for such a type of action. These changes were observed mainly 

in the cardiovascular system. Thus, even immediately before the 

"discharge'! (1-5 sec before), the pulse rate reached 110-115 

beats/min. During the first few seconds afterwards, the pulse rate 

remained roughly on the same level, and it returned to its original 

value after 2-5 minutes (Fig. la). 


In most of the subjects, there was a sinusoidal arrhythmia, 

linked with the phases of the respiration, beginning 30 sec after

wards. 


An analysis of the electrocardiograms showed a definite relation
ship between the dynamics of the rate of heart contractions 
and the elements of the electrocardiograms. Thus, the P& and &T 
intervals were shortened, with an increase in the rate of heart 
contractions, and they returned to their original values as the 
pulse slowed down. The systolic indicator (according to Fogel'son-
Chernogorov) increased to 60-68% immediately before the beginning 
of the experiment; during the first seconds afterwards, it reached 
65-78% and then gradually returned to its initial values (in 2-5 
min). The QRS interval remained practically constant. 

With an increase in the rate of heart contractions, the 

voltage of the TII wave decreased, and it became flattened during 

the first few seconds. The voltage of the TII wave returned to its /143 

original value about 20-30 sec afterwards. 


Specific changes in the characteristics of the activity of the 

cardiovascular system were noted only in the experiments with ef

fects which were close to marginal. Thus, in a number of cases, 

there was a slowing of the pulse from 120 (and sometimes even higher 

values) to 50-60 beats/min during the first few seconds of after
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e f f e c t  ( F i g .  l b ) .  I n  t h e s e  same e x p e r i m e n t s ,  t h e r e  w a s  s o m e t i m e s  
a r e l a t i v e  a n d  e v e n  a b s o l u t e  d e c r e a s e  i n  t h e  s y s t o l i c  a n d  d i a s t o l i c  
b l o o d  p r e s s u r e  f r o m  1 3 0 / 6 5  t o  80/30 m m  Hg ( F i g .  2 ) .  

L - g .  1. Dynam c s  o f  t h e  R a t e  o f  H e a r t  C o n t r a c t i o n s  f o r  S u b j e c t  
D ,  d u r i n g  t h e  A c t i o n  o f  A c c e l e r a t i o n s  w i t h  V a l u e s  o f  2 3  U n i t s  
( a )  a n d  3 9  U n i t s  ( b )  i n  t h e  D i r e c t i o n  " C h e s t - B a c k " .  The Arrow Shows 

t h e  Moment o f  A c t i o n .  

I n  t h e  c a s e s  when t h e r e  was b r a d y c a r d i a  d u r i n g  t h e  f i r s t  f ew 
s e c o n d s  o f  a f t e r e f f e c t ,  t h e  QT i n t e r v a l  r e m a i n e d  s h o r t e n e d .  The 
s y s t o l i c  i n d i c a t o r  d e c r e a s e d  bv 7 %  d u r i n g  t h e  moment when t h e  
r a t e  o f  h e a r t  c o n t r a c t i o n s  w a s  r e d u c e d .  The PQ i n t e r v a l  u n d e r 
wen t  t h e  same c h a n g e s  a s  t h o s e  d e s c r i b e d  e a r l i e r .  

T h e s e  c h a n g e s  i n  t h e  a c t i v i t y  of  t h e  c a r d i o v a s c u l a r  s y s t e m  c a n  
o b v i o u s l y  be  e x p l a i n e d  by t h e  r e f l e x  e f f e c t  on t h e  p a r t  o f  t h e  
v a g u s  n e r v e ,  a n d  by t h e  d i r e c t  e f f e c t  of a c c e l e r a t i o n s  on th ' e  
c o r o n a r y  c i r c u l a t i o n .  

I n  t h e  d y n a m i c s  o f  r e s p i r a t i o n  f o r  a l l  t h e  e x p e r i m e n t s ,  t h e r e  /144 
w a s  a s l i g h t  i n c r e a s e  i n  r a t e  i m m e d i a t e l y  b e . f o r e  t h e  a c t i o n ,  
a n d  a r a p i d  r e t u r n  t o  t h e  o r i g i n a l  v a l u e s  d u r i n g  t h e  i m m e d i a t e  
a f t e r e f f e c t .  I n  some c a s e s ,  t h e  i n c r e a s e  i n  t h e  r e s p i r a t i o n  
r a t e  w a s  m a i n t a i n e d  up t o  3 - 4 m i n u t e s  a f t e r  t h e  a c t i o n .  

B i o c h e m i c a l  s t u d i e s  o f  t h e  b l o o d  showed t h a t  t h e r e  w a s  a n  i n 
c r e a s e  i n  t h e  a c t i v i t y  o f  t h e  g l u t a m i n e - a s p a r a g i n  a n d  g l u t a m i n e 
a l a n i n e  t r a n s a m i n a s e s  d u r i n g  t h e  e f f e c t  o f  a c c e l e r a t i o n s  w h i c h  
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are close to the limit for good tolerance. 


In the neurological picture, there was a uniform activation 

of the tendinous reflexes in a number of experiments during the 

aftereffects, which should be viewed as the result of emotional 

stress. 


.. Fig. 2 .  Dynamics of Arterial 
Pressure for Subject during 


a the Effect of an Acceleration 

of 23 Units in the Direction 

"Head-Pelvis", The Arrow shows 


i; the Moment of the Effect. (a) 

and (b) are the Systolic and 


1 1 . 1  1 Diastolic Pressures. 
0 .so0 90 60 WOW 60 Jw .RW 

Before Time,sec After 
action action 


There were no coordinative and vestibular disorders noted, 

even in the experiments where angular accelerations occurred. 


CONCLUSIONS 


(1) Accelerations during landing, at a rate of increase on 
the order of 4000-5000 units/sec and an effective time of 0 . 0 3 - 0 . 0 4  
sec, were found to be endurable by humans within the range of 2 2 - 2 3  
units when their action is in the direction "head-pelvis", and 
within the range of 35-40 units when they acted in the direction 
chest-back . 


( 2 )  Of the numerous symptoms studied, the principal ones in
dicating that the accelerations during landing are close to the 
tolerance limit are pain sensations in the area of the thoracic 
vertebrae and changes in the activity of internal organs: brady
cardia and a decrease in the arterial pressure as aftereffects, the 
appearance of fresh erythrocytes in the urine, and an increase in / 1 4 5-

the activity of the glutamine-alanine and glutamine-asparagin trans

aminases for the blood. 


(3) Individual modeling is an effective means of increasing 

human resistance to accelerations during landing. 
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EFFECT or1 MAN PRODUCED BY ACCELERATION DURING LANDING I N  A 
CABIN, DEPENDING ON THE DEGREE OF S H K K  ABSORPTION AND THE 

FORCE OF HORIZONTAL WINDS 
G . P .  Miro lyubov ,  N.I .  F r o l o v ,  and V . B .  Lemasov 

ABSTRACT:  The c o n d i t i o n s  f o r  Zanding in a c a b i n  
a r e  examined in t h i s  a r t i c Z e  a s  depending  on t h e  
damping p r o p e r t i e s  of t h e  shock a b s o r b e r s ,  t h e  
p o s i t i o n  of t h e  s u b j e c t  i n  t h e  s e a t ,  and t h e  
v e Z o c i t y  of t h e  w i n d  d r i f t .  The shock a b s o r b e r ,  
which  damps t h e  impac t  even23 and r a p i d Z y ,  guar
a n t e e s  a s a f e  Zanding f o r  t h e  s u b j e c t  in t h e  
c a b i n  in a s i t t i n g  o r  s e m i - r e c Z i n i n g  p o s i t i o n  a t  
a v e Z o c i t y  of v e r t i c a Z  d e s c e n t  of 2 0  m / s e c ,  w i t h  
a minimum b r a k i n g  r a t e  o f  8 m / sec .  Landing i n  
t h e  c a b i n  d u r i n g  wind d r i f t  is accompanied bq 
a c c e Z e r a t i o n s  whose components  have v e p t i c a Z  and 
h o r i z o n t a Z  d i r e c t i o n s .  W i t h  a n  z n c r e a s e  in t h e  
v e 2 o c i t y  of t h e  wind drift, t h e  v e r t i c a Z  component 
i n c r e a s e s .  The s u b j e c t s '  g r e a t e r  r e s i s t a n c e  t o  
a c c e Z e r a t i o n s  i n  t h e  d i r e c t i o n s  " c h e s t - b a c k  " 
and N b a c k - c h e s t " ' p r o v i d e  a basis on wh ich  t h e  
i n t r o d u c t i o n  of a manual o r  a u t o m a t i c  t u r n i n g  of 
t h e  c a b i n ,  in o r d e r  t o  i n c r e a s e  Zanding s a f e t y ,
is recommended. 

Landing directly in a cabin is one of the most reliable methods /145 

for recovering the crew from a space fl5p;ht. A cabin significantly 

improves the protection of the astronauts from the extrema1 factors 

of high altitudes and flight velocities, and it helps to save them 

in case of an accidental landing in an uninhabited locality. 


These advantages were considered in selecting the methods for 
landing the crews of the spacecraft. In the USA, the technique of 
"splashdown" is used, with special shock absorbers which damp the 
impact and decrease the accelerations. In the Soviet Union, a 
soft-landing technique is used. 

In the case of a breakdown in the soft-landing system, or in 

landing the cabin under the conditions of a strong wind, hard ground, 

rugged terrain, etc., there can be accelerations which p.resent 

danger to humans at the moment of the impact. 


Considering the possibility of using damping devices in the 
case of a dangerous (accidental) landing, we see the urgency of the 
problem of studying the safety of landing for a man in a cabin which 
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i s  e q u i p p e d  w i t h  a s h o c k  a b s o r b e r .  I n  p r e v i o u s  e x p e r i m e n t s  on  a n i 
m a l s ,  h i g h  e f f e c t i v e n e s s  w a s  o b t a i n e d  by u s i n g  s h o c k  a b s o r b e r s  w i t h  
a r e l a t i v e l y  l o w  d a m p i n g  r a t e  [I]. T h i s  a r t i c l e  i n v o l v e s  s i m i l a r  
s t u d i e s  w i t h  human s u b j e c t s .  

METHODS /146 

T w e n t y - s i x  s u b j e c t s ,  r a n g i n g  i n  a g e  f r o m  25 t o  3 5 ,  p a r t i c i p a t e d  
i n  t h e  e x p e r i m e n t s .  220 e x p e r i m e n t s  i n  a l l - w e r e  c o n d u c t e d ,  d i v i d e d  
i n t o  1 2  s e r i e s .  

The v a l u e  o f  t h e  damping  r a t e  o f  t h e  s h o c k  a b s o r b e r s  u s e d ,  t h e  
v e l o c i t y  o f  t h e  wind  d r i f t ,  a n d  t h e  p o s i t i o n  t h e  s u b j e c t  a s s u m e d  i n  
t h e  c a b i n  were a n a l y z e d .  

I n  t h e  e x p e r i m e n t s ,  w e  u s e d  c e r t a i n  t y p e s  o f  s h o c k  a b s o r b e r s  
w h i c h  v a r i e d  i n  d a m p i n g  v a l u e  d u r i n g  t h e  l a n d i n g  i m p a c t .  The exam
i n a t i o n s  were c o n d u c t e d  i n  a mode l  c a b i n  w i t h  a s e a t  t i l t e d  b a c k  
2 0 °  ( s i t t i n g  p o s i t i o n )  a n d  60° ( s e m i - r e c l i n i n g  p o s i t i o n ) .  

I n  t h e  m o d e l  c a b i n  w i t h  t h e  s e a t  t i l t e d  a t  2 0 ° ,  e x p e r i m e n t s  
were c o n d u c t e d  w h i c h  d e a l t  w i t h  a s i d e w a y s  l a n d i n g  a t  a n  a n g l e  o f  
4 5 O  t o  t h e  l e f t  a n d  r i g h t  o f  h o r i z o n t a l .  

The l a n d i n g  o f  t h e  c a b i n  u n d e r  c a l m  w e a t h e r  c o n d i t i o n s  w a s  made 
on a n  i m m o b i l e  t o w e r - t e s t  b e d .  L a n d i n g  i n  a wind  d r i f t  w a s  i m i t a t e d  
on  a t e s t  b e d  w h i c h  moved a t  a r a t e  o f  36 k m / h o u r .  

I n  o r d e r  t o  d e t e r m i n e  t h e  t o l e r a n c e  t o  t h e  i m p a c t  of  a c c e l 
e r a t i o n s  f o r  t h e  s u b j e c t s  d u r i n g  1 0 - 1 5  min  ( i n c l u d i n g  t h e  moment 
f o r  a c t i o n  o f  a n  a n c e l e r a t i o n ) , ' w e  r e c o r d e d  t h e  a r t e r i a l  p r e s s u r e ,  
t h e  e l e c t r o c a r d i o g r a m  i n  t h e  s t a n d a r d  i n t e r v a l s  I a n d  111, a n d  t h e  
r a t e  o f  r e s p i r a t o r y  movemen t s .  D u r i n g  t h e  same p e r i o d ,  we 
r e c o r d e d  t h e  l e n g t h  of  t i m e  f o r  t h e  l a t e n t  p e r i o d  o f  a m o t o r - r e s p o n s e  
r e a c t i o n  t o  m i l d  s t i m u l u s ,  a n d  w e  d e t e r m i n e d  t h e  l e v e l  o f  t h e  c o n 
d i t i o n e d  r e f l e x  w i t h  t i m e .  

D u r i n g  t h e  c l i n i c a l  s t u d i e s  made 30 min  a f t e r  t h e  l a n d i n g ,  we 
c o n d u c t e d  f u n c t i o n a l  t e s t s  w i t h  s t r e s s e s  on  t h e  c a r d i o v a s c u l a r  s y s 
t e m .  I n  a d d i t i o n ,  t h e  s u b j e c t s  were i n t e r r o g a t e d  b r i e f l y  on t h e i r  
f e e l i n g s  a n d  on  p a r t i c u l a r  f e a t u r e s  o f  t h e  e x p e r i m e n t  w h i c h  t h e y  
n o t e d .  A c h a n g e  i n  t h e  s u b j e c t ' s  p o s i t i o n  a t  t h e  moment o f  t h e  e f 
f e c t  o f  a n  a c c e l e r a t i o n  w a s  r e c o r d e d  w i t h  t h e  a i d  o f  h i g h - s p e e d  
p h o t o g r a p h y  ( 9 0 0  f r a m e s  p e r  s e c o n d ) .  An x - r a y  e x a m i n a t i o n  o f  t h e  
s p i n e  w a s  made a c c o r d i n g  t o  t h e  i n d i c a t i o n s .  

RESULTS OF THE S T U D I E S  

I n  t h e  f i r s t  g r o u p  o f  e x p e r i m e n t s ,  w e  s t u d i e d  t h e  r e l a t i v e  
t o l e r a n c e  t o  a c c e l e r a t i o n s  on l a n d i n g  a t  a v e r t i c a l  r a t e  o f  d e 
s c e n t  a s  a f u n c t i o n  o f  t h e  damping  r a t e ,  w i t h  t h e  s u b j e c t s  i n  a 
s e m i - r e c l i n i n g  p o s i t i o n  ( T a b l e  1). 
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Damping o f  t h e  c a b i n  a t  a h i g h  r a t e  g u a r a n t e e s  a s a f e  l a n d i n g  
for a v e r t i c a l  r a t e  o f  d e s c e n t  o f  1 0  m/ sec .  W i t h  a d e c r e a s e  i n  t h e  
damping  r a t e  by  5-7 t i m e s ,  t h e  p e r m i s s i b l e  v e l o c i t y  d e c r e a s e s  t o  
7-8  m / s e c .  

Wi th  a d e c r e a s e  i n  t h e  o p e r a t i o n  o f  t h e  s h o c k  a b s o r b e r ,  t h e  
a c c e l e r a t i o n  i n c r e a s e s  ; i n  r e l a t i o n  t o  t h i s  , t h e  s u b j e c t i v e  d a t a  
i n d i c a t i n g  a d e c l i n e  i n  t o l e r a n c e  a l s o  i n c r e d s e .  T h u s ,  t h e  o p i n i o n s ,  
of t h e  s u b j e c t s  who t o o k  p a r t  i n  t h e  e x p e r i m e n t s  o f  t h e  3 r d  a n d  
4 t h  s e r i e s  w e r e  more  e m o t i o n a l .  I n  t h i s  c a s e ,  a r i g o r o u s  i m p a c t  
d i s t r i b u t e d  o v e r  t h e  e n t i r e  b o d y ,  b r i e f  h e a d a c h e s ,  a n d  d i s a g r e e a b l e  
s e n s a t i o n s  i n  t h e  c h e s t  a n d  p e r i t o n e a l  c a v i t y  were mos t  f r e q u e n t l y  
n o t e d .  

T A B L E  1: E X A M I N A T I O N  OF THE SUBJECTS' T O L E R A N C E  TO A C C E L E R A T I O N S  
D U R I N G  L A N D I N G  I N  T H E  C A B I N  W I T H  A V E R T I C A L  R A T E  OF D E S C E N T  A S  A 
F U N C T I O N  OF T H E  T Y P E  OF SHOCK ABSORBER A N D  T H E  DAMPING R A T E  (SPACE 

F A C T O R  OF T H E  DIAGRAMS). 

Max. R a t e  
Type of Shock  o f  Descent 

A b s o r b e r  m / s e c .  
-
_ _ _ _ _ _ ~ _ _ _ . .  


L a r g e  A i r - F l o w  1 0  

L a r g e  C e l l u l a r  1 0  

S m a l l  A i r - F l o w  7 

8 

. . ..

I t  was n o t e d  t h a t ,  i n  a d d i t i o n  t o  t h e  q u a n t i t a t i v e  a s p e c t  of 

t h e  n a t u r e  o f  t h e  d a m p i n g ,  t h e r e  w a s  a l s o  a q u a l i t a t i v e  a s p e c t  w h i c h  
e f f e c t e d  t h e  t o l e r a n c e  t o  a c c e l e r a t i o n s .  T h i s  w a s  t h e  u n i f o r m i t y  
o f  t h e  d a m p i n g .  

4ksec 

F i g .  1. Graph  of A c c e l e r a t i o n s  
w i t h  V a r i o u s  S p a c e  F a c t o r s  o f  
t h e  Diag ram for a Shock  A b s o r b e r  
o f  t h e  Type " L a r g e  A i r - F l o w "  
(A)  a n d  t h e  Type " L a r g e  C e l l u l a ? ? '  
( B ) .  

For u n i f o r m  d a m p i n g ,  w h i c h  
i s  a c h i e v e d  by u s i n g  a s h o c k  
a b s o r b e r  w h i c h  h a s  a h i g h  
s p a c e  f a c t o r  for t h e  d i a g r a m ,  
t h e  e n e r g y  o f  t h e  i m p a c t  i s  
d i s s i p a t e d  t h r o u g h o u t  t h e  e n 
t i r e  d u r a t i o n  o f  d e c e l e r a t i o n .  
The a c c e l e r a t i o n  o c c u r i n g  i n  
t h i s  c a s e  i s  s m a l l e r  i n  v a l u e ,  
a n d  i t  t a k e s  on  a c h a r a c t e r 
i s t i c  t r a p e z o i d a l  s h a p e  ( F i g .  
1). We t h u s  c o n s i d e r  t h a t  t h e  / 1 4 8  
s h o c k  a b s o r b e r  w h i c h  h a s  t h e  
g r e a t e s t  damping  r a t e  a n d  t h e  
g r e a t e s t  s p a c e  f a c t o r  o f  t h e  
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d i a g r a m s  t o  b e  t h e  o p t i m a l  o n e .  

I n  t h e  s e c o n d  g r o u p  o f  e x p e r i m e n t s ,  w e  e x a m i n e d  t h e  e f f e c t  o f  
t h e  s u b j e c t ' s  p o s i t i o n  on  t o l e r a n c e  t o  i m p a c t  w i t h  
d u r i n g  l a n d i n g  ( T a b l e  2 ) .  

T A B L E  2 :  EFFECT OF SUBJECT'S POSITION O N  T O L E R A N C E  T O  ACCELERATIONS 
D U R I N G  L A N D I N G  A T  A V E R T I C A L  R A T E  OF D E S C E N T " ' .  

S u b j .  P o s i t i o n  

S i t t i n g  

S e m i - r e c l i n i n g  

On t h e  R i g h t  Side 

On t h e  Left S i d e  
-1. 


W e  Used a 

Max. R a t e  o f  Max. A c c e l e r a t i o n s  
Descent, m/sec d u r i n g  Landirg U n i t s  

9 . 6  
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Shock A b s o r b e r  o f  t h e  '' 
-~ 


From a r t i c l e s  d e a l i n g  w i t h  p i l o t  e j e c t i o n ,  w e  know t h a t  o n e  o f  
t h e  i n d i c a t o r s  of good t o l e r a n c e  t o  a c c e l e r a t i o n s  i s  t h e  p r e s e r v a 
t i o n  o f  t h e  s u b j e c t ' s  o r i g i n a l  p o s i t i o n .  The more t h e  h e a d  d e v i a t e s  
t o  o n e  s i d e ,  or t h e  b o d y  moves ( a s  o b s e r v e d  i n  t h e  s u b j e c t ) ,  t h e  
g r e a t e r  t h e  d a n g e r  o f  t r a u m a t i z a t i o n .  

A c c o r d i n g  t o  t h e  r e s u l t s  f r o m  t h e  f i l m e d  m a t e r i a l s ,  t h e  m o s t  
a d v a n t a g e o u s  p o s i t i o n  f o r  t h e  s u b j e c t s  i n  t h e  c a b i n  d u r i n g  l a n d i n g  
a t  a v e r t i c a l  r a t e  o f  d e s c e n t  i s  t h e  s e m i - r e c l i n i n g  p o s i t i o n .  

I n  t h e  s e m i - r e c l i n i n g  p o s i t i o n ,  t h e  s u b j e c t s '  h e a d s  moved l e s s ,  
a s  d i d  t h e i r  b o d i e s .  For t h e  same f o r c e  o f  t h e  e f f e c t ,  b u t  w i t h  
t h e  s u b j e c t  i n  a s i t t i n g  p o s i t i o n  ( T a b l e  2 ,  S i x t h  S e r i e s ) ,  t h e  h e a d  
moved 2 - 3  t i m e s  a s  much.  A t  t h e  same t i m e ,  we n o t e d  t h a t  t h e  u p p e r  
b r a c h i a l  z o n e  moved downward s e v e r a l  c e n t i m e t e r s ,  w h i c h ,  i n  some 
e x p e r i m e n t s ,  w a s  a c c o m p a n i e d  by a f e e l i n g  of p a i n  i n  t h e  c e r v i c a l  
or t h o r a c i c  r e g i o n  o f  t h e  s p i n e .  

The o u t c o m e  o f  t h e  e x p e r i m e n t  f o r  a s i t t i n g  p o s i t i o n ,  i n  com
p a r i s o n  w i t h  a s e m i - r e c l i n i n g  p o s i t i o n ,  d e p e n d e d  g r e a t l y  on  t h e  
c a r e  w i t h  w h i c h  t h e  s e a t  b e l t s  w e r e  a t t a c h e d .  

With t h e  s u b j e c t  on  h i s  s i d e ,  h i s  b o d y  made o s c i l l a t i n g  move
m e n t s  "down-up-down", w i t h  a t t e n u a t i o n  o f  t h e  a m p l i t u d e ,  a t  t h e  
moment o f  l a n d i n g .  W i t h  r e i n f o r c e m e n t  o f  t h e  b e l t  s y s t e m  b y  a d d i 
t i o n a l  l a t e r a l  b e l t s ,  t h e  movements  o f  t h e  b o d y  d e c r e a s e d ,  w h i c h  
p e r m i t t e d  e x p e r i m e n t s  a t  a c c e l e r a t i o n s  o f  1 5  - 1 6  u n i t s  d u r i n g  
l a n d i n g  of  t h e  c a b i n  a t  a v e l o c i t y  o f  7 m/ sec .  
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O b v i o u s l y ,  c o n v e n i e n t  l a t e r a l  s u p p o r t s  f o r  t h e  s e a t  c a n  i n - / 1 4 9  
c r e a s e  human t o l e r a n c e  ( w i t h  t h e  s u b j e c t  on  h i s  s i d e )  t o  h i g h  
a c c e l e r a t i o n s  d u r i n g  l a n d i n g  a t  a r a t e  o f  9 - 1 0  m / s e c .  I t  i s  i m 
p o r t a n t  t o  c o n s i d e r  t h i s  c o n d i t i o n  s i n c e ,  i n  p r a c t i c e ,  l a n d i n g  i n  a 
c a b i n  d o e s  n o t  e l i m i n a t e  i m p a c t  f r o m  t h e  l a t e r a l  s u r f a c e  or i t s  
wind  d r i f t  i n  t h e  l a t e r a l  d i r e c t i o n .  

The s u b j e c t s '  e x p r e s s i o n s  of t h e i r  f e e l i n g s  c o r r e s p o n d  t o  t h e  
r e s u l t s  o f  o b j e c t i v e  o b s e r v a t i o n s .  A c c e l e r a t i o n s  were e n d u r e d  
more  e a s i l y  by t h o s e  s u b j e c t s  who w e r e  i n  a s e m i - r e c l i n i n g  p o s i t i o n .  
A c c e l e r a t i o n s  o f  t h e  same v a l u e  f o r  a s i t t i n g  p o s i t i o n ,  a n d  o f  
much l e s s e r  v a l u e s  f o r  a p o s i t i o n  on  o n e ' s  s i d e ,  c a u s e d  d i s a g r e e a b l e  
s e n s a t i o n s  a n d  e v e n  a l g e s i c  symptoms .  

An e x a m i n a t i o n  o f  t h e  c o n d i t i o n s  f o r  l a n d i n g  w i t h  i m i t a t i o n  o f  
w ind  d r i f t  ( t h e  t h i r d  g r o u p  o f  e x p e r i m e n t s )  w a s  made i n  t h e  c a b i n ,  
w h e r e  t h e  s u b j e c t s  w e r e  p l a c e d  i n  a s i t t i n g  p o s i t i o n  f a c i n g  f o r w a r d ,  
b a c k w a r d ,  or s i d e w a y s  a c c o r d i n g  t o  t h e  d i r e c t i o n  o f  m o t i o n  ( T a b l e  3) .  

T A B L E  3 :  M A X I M U M  A C C E L E R A T I O N S  E N D U R A B L E  B Y  S U B J E C T S  I N  T H E  
C A B I N ,  W I T H  A V E R T I C A L  R A T E  OF DESCENT OF 7 M/SEC, F O R  SIMULTANEOUS 

W I N D  D R I F T  OF 8 - 1 0  M/SEC. 

. -1.
i 

O f  

Forward  1 9  9 1 0  4 

Backward  1 9  9 . 6  6 4 

To t h e  R i g h t  2 4  1 0 . 3  6 2 

D i r e c .  o f  Maximum A c c e l-e r a t i o n  , u n i t s-

Wind D r i f t  V e r t i c a l  Hor iz on t a 1-

To t h e  L e f t  2 5  11 4 * 
I
!- . _ _ _  __ 


A f t e r  t h e  c a b i n  l e f t  t h e  t e s t - b e d ,  i t  f e l l  ( n o t  p e r p e n d i c u l a r l y ,  
b u t  a t  a n  a n g l e  t o  t h e  h o r i z o n )  a n d  s k i d d e d  a l o n g  t h e  g r o u n d  a f t e r  
l a n d i n g .  The a c c e l e r a t i o n  p r o d u c e d  was a l s o  d i r e c t e d  a t  an a n g l e  
t o  t h e  h o r i z o n  a n d  c o n s i s t e d  o f  v e r t i c a l  a n d  h o r i z o n t a l  c o m p o n e n t s .  

Wi th  a n  i n c r e a s e  i n  t h e  v e l o c i t y  o f  t h e  wind  d r i f t  f o r  t h e  
c a b i n ,  t h e  componen t  f o r  t h e  v e r t i c a l  d i r e c t i o n  showed t h e  g r e a t e s t  
i n c r e a s e ,  w h i l e  t h a t  f o r  t h e  h o r i z o n t a l  d i r e c t i o n  r e m a i n e d  a p p r o x i 
m a t e l y  c o n s t a n t .  

T h u s ,  a n  i n c r e a s e  i n  t h e  r a t e  o f  d r i f t  i s  l i m i t e d  by t h e  v a l u e  
f o r  t h e  a c c e l e r a t i o n  i n  t h e  " h a a d - p e l v i s "  d i r e c t i o n .  However , 
t h e  d i r e c t i o n  o f  d r i f t  i n  r e l a t i o n  t o  t h e  s u b j e c t  i s  o f  g r e a t  s i g 
n i f i c a n c e .  

From t h e  p o i n t  o f  v i e w  o f  s u b j e c t i v e  s e n s a t i o n s ,  w e  c a n  c o n s i d e r  
t h e  d r i f t  o f  t h e  c a b i n  w i t h  t h e  s u b j e c t  f a c i n g  b a c k w a r d  or f o r w a r d  
t o  b e  t h e  m o s t  a d v a n t a g e o u s .  I n  b o t h  c a s e s ,  t h e  h o r i z o n t a l  componen t  
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of  t h e  a c c e l e r a t i o n s  a c t s  i n  t h e  s a g i t t a l  p l a n e  " b a c k - c h e s t "  or / 1 5 0  
" c h e s t - b a c k " .  The b o d y  t h e n  h a s  a s u p p o r t  w h i c h  l i m i t s  i t s  movement 
u n d e r  t h e  e f f e c t  o f  a c c e l e r a t i o n .  I n  t h e  f i r s t  c a s e ,  t h i s  i s  
s e a t b a c k  f i t t e d  w i t h  a h e a d r e s t ;  i n  t h e  s e c o n d  c a s e ,  i t  i s  a d d i t i o n a l  
b e l t s .  

L a n d i n g  w i t h  d r i f t  o f  t h e  c a b i n  i n  t h e  d i r e c t i o n  i n  w h i c h  t h o s e  
i n s i d e  a r e  f a c i n g  f o r w a r d  d i f f e r e d  somewhat  i n  t h a t  t h e r e  w a s  a 
g r e a t e r  d e v i a t i o n  o f  t h e  h e a d .  On t h e  b a s i s  o f  t h i s ,  w e  can a s s u m e  
t h a t  w i t h  a n  i n c r e a s e  i n  t h e  a c c e l e r a t i o n  i n  t h i s  d i r e c t i o n  ( f o r  
e x a m p l e ,  w i t h  a n o t h e r  s h o c k - a b s o r b e r  s y s t e m ) ,  t h e  m o s t  a d v a n t a g e o u s  
d i r e c t i o n  i s  t h a t  o f  a d r i f t  o f  t h e  c a b i n  w i t h  t h e  s u b j e c t s  f a c i n g  
b a c k w a r d .  

L a n d i n g  i n  a c a b i n  w i t h  a e 

Q, d r i f t  i n  t h e  l a t e r a l  d i r e c t i o n , 

k 

(I) 

when t h e  h o r i z o n t a l  componen t  o f  

t h e  a c c e l e r a t i o n  a c t s  f r o m  
s i d e  t o  s i d e  i n  t h e  f r o n t a l  p l a n e  
w a s  s o m e t i m e s  a c c o m p a n i e d  by d i s 
a g r e e a b l e  s e n s a t i o n s  c a u s e d  by 

30 2 0 2  30 a s h a r p  movement o f  t h e  s u b j e c t ' sz Recording t ime, min. h e a d  and  body  t o  t h e  s i d e .  

F i g .  2 .  Maximum (1) a n d  M i n i - For a n  a c c e l e r a t i o n  o f  a 
mum ( 2 )  A r t e r i a l  P r e s s u r e  i n  s m a l l  v a l u e ,  t h i s  w a s  e l i m i n a t e d  
S u b j e c t s  diivinlz t h e  E f f e c t  of  by  a r a i s e d  e d g e  o n  t h e  s i d e  o f  
A c c e l e r a t i o n s  on  L a n d i n g .  t h e  h e a d r e s t  a n d  s e a t ,  a n d  by 
The Arrow I n d i c a t e s  t h e  Moment a d d i t i o n a l  l a t e r a l  b e l t s .  
o f  t h e  E f f e c t .  

N e v e r t h e l e s s ,  f r o m  t h e  m a t e r i a l s  o f  t h e  e x p e r i m e n t s  we c a n  
c o n c l u d e  t h a t  t h e  l a t e r a l  d i r e c t i o n  f o r  t h e  d r i f t  o f  t h e  l a n d i n g  
c a b i n  i s  l e s s  a d v a n t a g e o u s  f o r  t h e  c r e w .  

The c h a n g e s  i n  t h e  f u n c t i o n a l  a c t i v i t y  o f  t h e  o r g a n i s m  i n  
r e s p o n s e  t o  t h e  e f f e c t  o f  a c c e l e r a t i o n  d u r i n g  l a n d i n g  w e r e  s i m i l a r  
i n  a l l  t h e  s e r i e s  o f  e x p e r i m e n t s .  The r e s p i r a t i o n  r a t e ,  p u l s e  
r a t e ,  and  v a l u e  f o r  t h e  a r t e r i a l  p r e s s u r e  i n c r e a s e d  t o w a r d  t h e  
moment of  i m m i n e n t  a c c e l e r a t i o n s .  The maximum v a l u e s  f o r  t h e s e  
c h a r a c t e r i s t i c s  w e r e  r e a c h e d  i m m e d i a t e l y  b e f o r e  a n d  a f t e r  t h e  
l a n d i n g ;  t h e y  t h e n  g r a d u a l l y  d e c r e a s e d  i n  a b o u t  2 or 3 m i n u t e s  t o  
t h e i r  o r i g i n a l  v a l u e s  ( F i g .  2 ) .  

The r e s u l t s  o f  t h e  t e s t s  w i t h  f u n c t i o n a l  s t r e s s e s  on  t h e  c a r d i o 
v a s c u l a r  s y s t e m ,  c o n d u c t e d  3 0  min  a f t e r  t h e  l a n d i n g ,  w e r e  p r a c t i c a l l y  
t h e  same a s  i n  t h e  c o n t r o l s .  

The t i m e  f o r  t h e  l a t e n t  p e r i o d  o f  a r e s p o n s i v e  m o t o r  r e a c t i o n  /151 
f o r  t h e  s u b j e c t s  v a r i e d  f r o m  0 . 1 7  t o  0 . 2 5  s e c ,  w h i c h  d o e s  n o t  e x 
c e e d  t h e  l i m i t s  o b s e r v e d  i n  h e a l t h y  s u b j e c t s  d u r i n g  m e a s u r e m e n t s  
u n d e r  l a b o r a t o r y  c o n d i t i o n s .  A f t e r  t h e  l a n d i n g ,  i t  c h a n g e d  ( i n  
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c o m p a r i s o n  t o  t h e  b a c k g r o u n d  d a t a )  by a n  i n s i g n i f i c a n t  v a l u e  w h i c h  
h a d  p r a c t i c a l l y  no  m e a n i n g .  

The c o n d i t i o n e d  r e f l e x  a l s o  r e m a i n e d  c o n s t a n t  d u r i n g  t h e  t i m e  
a f t e r  t h e  a c t i o n .  M o r e o v e r ,  a f t e r  t h e  l a n d i n g ,  t h e  s u b j e c t s  i n  m o s t  
o f  t h e  e x p e r i m e n t s  n o t e d  t h i s  t i m e  w i t h  g r e a t  a c c u r a c y ,  e v e n  b e f o r e  
t h e  e f f e c t  o f  t h e  a c c e l e r a t i o n  o f  c o l l i s i o n .  

The r e s u l t s  o f  s t u d y i n g  t h e  
r e a c t i o n  o f  t h e  c a r d i o v a s c u l a r  
s y s t e m ,  r e s p i r a t i o n ,  a n d  c h a n g e s  
i n  t h e  m o t o r  a r e a s  i n d i c a t e  t h a t

* F  I ,  p ~~ t h e y  d i d  n o t  d e p e n d  on  t h e  
m ---* ---a 2 a c c e l e r a t i o n s  d u r i n g  l a n d i n g$ 2  i n  t h e  e x p e r i m e n t s  we c o n d u c t e d .  

T ; $  The c h a n g e s  n o t e d  w e r e  c a u s e d  
5112 1 U by e m o t i o n a l  s t r e s s  a l o n e .  

Recording t i m e ,  min 
T h i s  a s s u m p t i o n  i s  c o n f i r m e d  

F i g .  3 .  P u l s e  R a t e  f o r  a Sub- by  t h e  r e s u l t s  o f  t h e  c o n t r o l  
j e c t  i n  t h e  C o n t r o l  (1) a n d  e x p e r i m e n t s ,  i n  w h i c h  t h e  a c t i o n  
R e g u l a r  ( 2 )  E x p e r i m e n t s .  The o f  a n  a c c e l e r a t i o n  was e l i m i -
Arrow I n d i c a t e s  t h e  Moment o f  n a t e d  i n  p r e s e r v i n g  t h e  e m o t i o n a l  
t h e  E f f e c t .  	 f a c t o r  ( t h e  g e n e r a l  s i t u a t i o n  o f  

t h e  e x p e r i m e n t ,  t h e  l a u n c h i n g  o f  
t h e  c a b i n ,  t h e  commands t o  l a n d ,  

e t c . ) .  The p u l s e  r a t e  r e c o r d e d  f o r  o n e  s u b j e c t  i n  a c o n t r o l  
e x p e r i m e n t  w a s  s i m i l a r  t o  ' t h e  r a t e  o b s e r v e d  i n  a n  e x p e r i m e n t  
w i t h  t h e  e f f e c t  of a n  a c c e l e r a t i o n  ( F i g .  3 ) .  A s  we c a n  s e e  f r o m  
F i g u r e  3 ,  d e s p i t e  t h e  l a c k  of a n  a c c e l e r a t i o n ,  t h e  r e s p o n s i v e  
r e a c t i o n  o f  t h e  o r g a n i s m  a p p e a r e d  a s  a n  i n c r e a s e  i n  c a r d i a c  a c t i v i t y  
( t o  a l a r g e  e x t e n t ) .  

A f t e r  t h e  e f f e c t  o f  a c c e l e r a t i o n  on s u b j e c t s  i n  a s i d e w a y s  
p o s i t i o n ,  t h e r e  w a s  a d e v i a t i o n  i n  t h e  e l e c t r i c a l  m i d l i n e  of t h e i r  
h e a r t s .  C o n s i d e r i n g  s i m i l a r  d a t a  o b t a i n e d  i n  e x p e r i m e n t s  on a n i m a l s ,  
a c c o m p a n i e d  by movements  of t h e  h e a r t  i n  t h e  c h e s t  ( c o n f i r m e d  by x- / 1 5 2  
r a y s ) ,  we c a n  a s s u m e  t h a t  t h e  d e v i a t i o n  o f  t h e  e l e c t r i c a l  m i d l i n e  o f  
t h e  h e a r t  i n  t h e  s u b j e c t s  w a s  a l s o  r e l a t e d  t o  t h e  e f f e c t  of a c c e l e 
r a t i o n  [ 2 ]  on l a n d i n g .  
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THE PROBLEM OF D I S O R D E R S  I N  LOCAL BLOOD C I R C U L A T I O N  IN MAN D U R I N G  
PROLONGED TRANSVERSELY-DI  RECTED A C C E L E R A T I  ON1 

M . D .  Yemel'yanov and E . S .  Kotova 

ABSTRACT:  The r e s u l t s  of s t u d y i n g  t h e  r e t i n a l  
bZood c i r c u l a t i o n  a r e  p r e s e n t e d ;  i t  is shown 
t h a t  t h e  r e t i n a 2  a r t e r i e s  can r e f Z e c t  b o t h  t h e  
c o n d i t i o n  o f  t h e  Zoea2 b lood  c i r c u l a t i o n  i n  t h e  
eye  and changes  i n  t h e  hemodynamics of t h e  b r a i n .  
The b lood  c i r c u l a t i o n  was s t u d i e d  d u r i n g  t h e  
a c t i o n  of a c c e l e r a t i o n s  o f  v a r i o u s  d e g r e e s .  
The a u t h o r s  s t a t e  t h e i r  o p i n i o n  t h a t  onZy a com
p r e h e n s i v e  and d e t a i Z e d  e x a m i n a t i o n  of t h e  mech
anism f o r  t h e  d i s o r d e r s  i n  t h e  hymodynamics
d u r i n g  a c c e l e r a t i o n s  can s o  Zve t h e  problems  
r e g a r d i n g  r a t i o n u 2  reg imes  f o r  p r e p a r i n g  and 
t r a i n i n g  a spec iaZ  crew.  

Numerous s t u d i e s  h a v e  t r e a t e d  t h e  p r o b l e m  o f  t h e  e f f e c t  p r o - / 1 5 2  
d u c e d  i n  a n  o r g a n i s m  b y  p r o l o n g e d  a c c e l e r a t i o n ,  i n  r e l a t i o n  t o  t h e  
c o n d i t i o n s  a b o a r d  a s p a c e  f l i g h t  [1,5,7,111. 

However ,  t h e  e s s e n t i a l  q u e s t i o n s  r e l a t e d  t o  t h e  t o l e r a n c e  t o  
r e p e a t e d  a c c e l e r a t i o n ,  t h e  s i g n i f i c a n c e  o f  t r a i n i n g ,  t h e  e f f e c t  o f  
t r a n s i t i o n  f r o m  a c c e l e r a t i o n  t o  w e i g h t l e s s n e s s  a n d  v i c e  v e r s a ,  
e t c . ,  s t i l l  r e m a i n  u n e x p l a i n e d .  O b v i o u s l y ,  t h i s  c i r c u m s t a n c e  i s  
d u e  t o  t h e  d i f f i c u l t v  i n  i m i t a t i n g  t h e  c o n d i t i o n s  a b o a r d  a s p a c e  
c r a f t  on E a r t h ,  a n d  b y  a l a c k  of f a i r l y  r e l i a b l e  c r i t e r i a  f o r  e v a l 
u a t i n g  p r e v i o u s  d i s a d v a n t a g e o u s  p h y s i o l o g i c a l  s h i f t s  i n  t h e  human 
o r g a n i s m .  

I n  r e l a t i o n  t o  t h i s ,  t h e  h e m o r r h a g i n g  i n  t h e  i n t e r n a l  o r g a n s  
o f  a n i m a l s ,  d e s c r i b e d  b y  A .  H o l l  a n d  I .  M o s e l y ,  w h i c h  c a n  o c c u r  
e v e n  a t  m o d e r a t e  v a l u e s  of a c c e l e r a t i o n  a n d ,  a t  t h e  same t i m e ,  
a r e  n o t  d i a g n o s e d  u n d e r  r e g u l a r  e x a m i n a t i o n  c o n d i t i o n s  [lo], n a t 
u r a l l y  a t t r a c t s  o u r  a t t e n t i o n .  I t  i s  w e l l  known t h a t  some o f  t h e  
p r i n c i p a l  p h y s i o l o g i c a l  f a c t o r s  l i m i t i n g  t o l e r a n c e  t o  a c c e l e r a t i o n  
a r e  t h e  c h a n g e s  i n  t h e  c a r d i o v a s c u l a r  s y s t e m  C3, 6 1 .  Loss o f  c o n 
s c i o u s n e s s  a n d  e n e r g y  l o s s e s  d e p e n d  o n  t h e s e  v e r y  d i s o r d e r s  i n  t h e  
b l o o d  s u p p l y  t o  t h e  b r a i n  a n d  t h e  e y e s .  

Under  t h e s e  c o n d i t i o n s ,  t h e  s t u d y  o f  r e t i n a l  b l o o d  c i r c u l a t i o n  

l A r t i c l e  p r e s e n t e d  a t  t h e  XVIth I n t e r n a t i o n a l  A s t r o n a u t i c a l  C o n g r e s s .  
A t h e n s ,  S e p t e m b e r  1 3 - 1 8 ,  1 9 6 5 .  

157 


I 




acquires very great significance, both for understanding the mech
anism of the local processes in the eye, leading to a l o s s  of pe- /153 
ripheral and central vision, and f o r  determining the changes in the 
system of carotid blood circulation C2, 4, 8 ,  123. The authors are 
convinced that the retinal arteries reflect the changes in the cere
bral vessels and the intracranial pressure. Actually, the phylo
genetic unit consisting of the eyes and brain and their vessels 
permits determining the condition of the blood circulation in the 
brain according to the retinal blood circulation. All the changes 
which we are observing reflect intracranial vascular shifts. 

Taking what we have described into account, we included the 

following in our method: ophthalmodynamometry, campimetric exam

inations of the blind spot with an angioscope, and also the usual 

clinical determination of visual acuity, accomodation, etc. 


Ophthalmodynamometry is a method which very carefully determines 

the origin of the different changes in the system of the internal 

carotid artery. A comparison between the retinal and general ar

terial pressures permits evaluating the intracranial pressure. 


The conditions of the vessels in the conjunctiva of the eye

ball, the episclera, and the retina were determined with the aid 

of color photography. 


All the examinations were conducted under dynamic conditions, 

beginning with the first minute after stopping the centrifuge (the 

immediate aftereffects) and before complete recovery of the func

tions. 


We assumed that the use of this combination of methods for 

ophthalmological studies allows detection of the earliest signs 

of hemodynamic changes particularly in the system of blood flow in 

the brain, and produces additional data for determining the dynamics 

of the subsequent reactions in the cardiovascular system during 

accelerations. 


Several series of experiments were conducted, in which human 

subjects were used. We used accelerations acting in various 

directions and ranging from insignificant to the maximum endurable 

in value and length of time. In this case, particular attention 

was given to repeated accelerations. 


The examinations revealed very regular reactions, involving 

phase changes in the vascular tonus, mainly the diastolic pressure 

and the diameter of the retinal arteries and veins. 


During the immediate aftereffects, we determined the hyper

tension in the orbital artery, which had a pronounced regional 

character as did its changing hypotension. The retinal-brachial 

index changed pathologically. With an increase in the qualitative 

changes, there was a clear regularity during the effect of accel
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erations up to 14 g. At higher values, individual differences were 

clearly evident. 


In contrast to the generally accepted opinion that all the 

functions recover rapidly after the effect of accelerating forces, 

we found residual reactions in the form of an expansion of the 

diameter of the retinal veins to 170 p (for a corresponding norm, /154 

according to age, of 125-155 p )  5, 8 ,  and 11 days after the experi

ment. 


The discovery of hemmorhages in the conjunctiva of the eyelids, 

eyeballs, and retinal membrane also proved to be a very important 

observation. Dynamic observations revealed the various origins of 

their formation. Together with hemorrhages occurring sometimes 

within the first 12-100 min after acceleration, significant hemor

rhaging appeared for some of the subjects within 24-35 hours after 

the experiment, along the path of the major retinal vessels. 


In 1954, Duane [9] first described the changes in the retinal 

vessels during positive transversely-directed accelerations. 

Duane, Lambert, Wood, and others found that the disappearance of 

vision ("blackout") during accelerations is a retinal-ischemic 

phenomenon. However, the results of these studies were obviously 

based on visual observations during the time of acceleration and 

the period immediately following. 


Our examinations allow developing and supplementing these con

cepts. In all probability, the disappearance of vision (blackout) 

occurs earlier than loss of consciousness only because the retinal 

membrane is made of tissue which is more sensitive to anoxia. It 

is very probable that the local hypertension noted in our studies 

is a resistant reaction during the period immediately following 

stress, and is a factor of great significance in surmounting the 

resistance of the collateral circulation under the conditions of 

recovery of the blood circulation in the brain. 


We can also assume that the arterial pressure increases during 

the deceleration period of the centrifuge. One of the observations 

which confirm this concept is the recovery, during the "landing" 

period, of peripheral and central vision, even at the beginning or 

middle of deceleration. 


There is no doubt that detailed study must be devoted to the 

mechanism of the reactions in the blood circulation in order to 

solve the problems of forming rational regimes for preparing and 

training the special crew. The study of the recovery period after 

the effect of accelerations also provides more correct evaluation 

of the shifts which can occur in the astronaut's organism under the 

conditions of weightlessness when the craft is passing through dense 

layers in the atmosphere. 
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PROBLEM OF THE ORIGIN OF OPTIC DISORDERS DURING ACCELERATION 

B.M. Savin 


ABSTRACT:  The f u n c t i o n a Z  c o n d i t i o n  of t h e  o p t i c  
ana2yzer  is examined d u r i n g  t h e  e f f e c t  of a c c e l 
e r a t i o n s .  I t  was shown t h a t  a c c e Z e r a t i o n s  
have a s i g n i f i c a n t  e f f e c t ,  b o t h  on t h e  s p o n t a 
neous b i o e Z e c t r i c  a c t i v i t y  of v a r i o u s  d i v i s i o n s  
of t h e  o p t i c  anaZyzer ,  and on t h e  c o u r s e  of 
phenomena r e Z a t e d  t o  t h e  a c t i o n  of adequa te  s t i m 
u Z i .  The r e s u Z t s  of t h e  s t u d i e s  show t h e  c o r t i c o 
r e t i n a 2  n a t u r e  of t h e  d i s o r d e r s  o b s e r v e d .  

C l e a r  e v i d e n c e  o f  b r e a k d o w n  i n  t h e  a c t i v i t y  o f  t h e  c e n t r a l  / 1 5 5  
n e r v o u s  s y s t e m  d u r i n g  a c c e l e r a t i o n  i s  g i v e n  b y  d i s o r d e r s  i n  t h e  
f u n c t i o n  o f  t h e  o p t i c  a n a l y z e r  [l, 4 ,  8 ,  1 5 ,  2 7 ,  2 8 ,  2 9 3 .  A l t h o u g h  
t h e  s y m p t o m a t o l o g y  a n d  t h e  p a r t i c u l a r  f e a t u r e s  o f  t h e  d e v e l o p m e n t  
o f  o p t i c  d i s o r d e r s  i n  r e l a t i o n  t o  t h e  v a l u e  a n d  t h e  v e c t o r  o f  a n  
a c c e l e r a t i o n  a r e  now b e i n g  s t u d i e d  i n  r a t h e r  g r e a t  d e t a i l  c 3 ,  11, 
1 6 ,  1 7 ,  3 0 1 ,  much s t i l l  r e m a i n s  u n c l e a r  a n d  d e b a t a b l e  w i t h  r e g a r d  
t o  t h e  mechanism o f  t h e i r  o r i g i n .  Some a u t h o r s  l i n k  t h e  b r e a k d o w n s  
i n  v i s i o n  t o  d i s o r d e r s  i n  t h e  r e t i n a l  [ 2 ,  9 ,  2 4 ,  2 6 ,  2 9 ,  363  or 
c e r e b r a l  [ 1 2 ,  1 3 ,  1 4 ,  2 2 ,  2 3 ,  3 2 ,  3 3 1  b l o o d  c i r c u l a t i o n  a l o n e .  
O t h e r s  [ 7 ,  1 0 ,  3 5 1  s e e  t h e  c a u s e  i n  t h e  a p p e a r a n c e  o f  u n u s u a l  a f 
f e r e n t  s t i m u l a t i o n s  i n  t h e  c e n t r a l  n e r v o u s  s y s t e m ,  c a u s i n g  r e t a r d a 
t i o n  i n  t h e  a r e a  o f  t h e  c o r t i c a l  d i v i s i o n  o f  t h e  a n a l y z e r  by t h e  
mechanism o f  n e g a t i v e  i n d u c t i o n .  F i n a l l y ,  a t h i r d  g r o u p  e x p l a i n s  
t h e i r  a p p e a r a n c e  b y  p u r e l y  m e c h a n i c a l  phenomena:  t h e  e y e l i d s  
c o v e r i n g  t h e  p u p i l s  1 5 ,  6 ,  2 0 ,  3 0 1 ,  c h a n g e s  i n  t h e  s h a p e  o f  t h e  
e y e b a l l ,  d e f o r m a t i o n  o f  t h e  e y e s ’  o p t i c a l  m e d i a  [ 2 1 ,  3 4 ,  3 5 3 ,  d i f f i 
c u l t y  i n  t h e  f l o w  o f  t h e  l a c r y m a l  f l u i d ,  a p p e a r a n c e s  o f  e s o p h o r i a  
a s  a r e s u l t  o f  a b r e a k d o w n  i n  t h e  e q u i l i b r i u m  o f  t h e  e y e ’ s  m u s c u l a r  
s y s t e m  1311, a n d  a l s o  t h e  movements  o f  t h e  e y e b a l l  i n  t h e  o r b i t  a s  
a c o n s e q u e n c e  o f  t h e  n o n c o i n c i d e n c e  o f  i t s  c e n t e r  o f  g r a v i t y  w i t h  
t h e  c e n t e r  o f  r o t a t i o n .  

U n t i l  r a t h e r  r e c e n t l y ,  t h e  e v a l u a t i o n  o f  t h e  s h i f t s  i n  t h e  
f u n c t i o n a i  c o n d i t i o n  o f  t h e  o p t i c  a n a l y z e r  w a s  b a s e d  m a i n l y  on  t h e  
d a t a  o f  s u b j e c t i v e  i n d i c a t i o n s .  O n l y  v e r y  r e c e n t l y  h a v e  w e  b e e n  
u s i n g  o b j e c t i v e  m e t h o d s  - i n  p a r t i c u l a r ,  o p h t h a l m o g r a p h y  o f  t h e  
f u n d u s  o c u l i  [18, 1 9 1 ,  e l e c t r o r e t i n o g r a p h y  (ERG) [ 2 5 1 ,  a n d  a n a l y s i s  
of t h e  p h o t i c  e l e m e n t s  i n  e l e c t r o c a r d i o g r a p h y  (ECG) 111, 1 9 ,  2 3 1 .  

I n  o u r  s t u d i e s ,  i n  o r d e r  t o  o b t a i n  more  c o m p l e t e  i n f o r m a t i o n  / 1 5 6  
on  t h e  c h a n g e  i n  t h e  f u n c t i o n a l  s t a t e  o f  t h e  o p t i c  a n a l y z e r  d u r i n g  
t h e  e f f e c t  o f  a c c e l e r a t i o n ,  w e  u s e d  t h e  m e t h o d  o f  i n d u c e d  p o t e n 
t i a l s  t o g e t h e r  w i t h  a n  E R G  r e c o r d i n g .  
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A l l  t h e  e x a m i n a t i o n s  were c o n d u c t e d  i n  c h r o n i c  e x p e r i m e n t s  on 
u n a n e s t h e t i z e d  c a t s .  We r e c o r d e d  t h e  e l e c t r o r e t i n o g r a m s ( E R G )  a n d  t h e  
p r i m a r y  r e s p o n s e s ( P R )  o f  t h e  e x t e r n a l  c o r p u s  g e n i c u l a t u m ,  t h e  u p p e r  
t u b e r c l e s  o f  t h e  l a m i n a  q u a d r i g e m i n a ,  a n d  t h e  v i s u a l  c o r t e x .  

The b i o e l e c t r i c  p o t e n t i a l s  of t h e  r e t i n a  were d e t e r m i n e d  w i t h  
t h e  a i d  o f  i m p l a n t e d  e l e c t r o d e s ,  o n e  o f  w h i c h  w a s  c o n n e c t e d  t o  t h e  
n a s a l  b o n e  a t  t h e  m e d i a l  m a r g i n  o f  t h e  p u p i l s ,  a n d  t h e  o t h e r  w a s  
c o n n e c t e d  t o  t h e  z y g o m a t i c  b r a n c h  o f  t h e  t e m p o r a l  b o n e .  

For s t i m u l a t i o n  we u s e d  f l a s h e s  o f  w h i t e  l i g h t  l a s t i n g  1 m s e c ,  
w i t h  a n  e n e r g y  o f  0 . 6  J ,  o c c u r r i n g  as  a s e r i e s  o f  p u l s e s .  The d i s 
t a n c e  f r o m  t h e  f l a s h  lamp o f  t h e  p h o t o s t i m u l a t o r  t o  t h e  a n i m a l s ’  
e y e s  w a s  e q u a l  t o  420 c m .  D u r i n g  t h e  e x p e r i m e n t ,  t h e  a n i m a l  w a s  
k e p t  i n  d a r k n e s s .  B e f o r e  p u t t i n g  t h e  a n i m a l  i n  a c o n t a i n e r  i n  t h e  
c e n t r i f u g e ,  w e  a t r o p i n i z e d  i t s  e y e s  a n d  i m m o b i l i z e d  t h e  e y e l i d s :  
We u s e d  m o n o p o l a r  a n d  b i p o l a r  r e c o r d i n g .  

I n  o r d e r  t o  p r o d u c e  a c c e l e r a t i o n ,  we u s e d  a c e n t r i f u g e  w i t h  an  
a r m  4 meters  l o n g .  

The m a g n i t u d e  of t h e  a c c e l e r a t i o n s  r a n g e d  f r o m  1 . 5  t o  2 2  
u n i t s ,  l a s t i n g  f r o m  20  t o  1 2 0  s e c .  

The ERG a n d  t h e  PR w e r e  r e c o r d e d  b e f o r e  t h e  e f f e c t  o f  t h e  
a c c e l e r a t i o n ,  a t  t h e  v e r y  moment o f  i t s  a p p l i c a t i o n ,  a n d  d u r i n g
v a r i o u s  p e r i o d s  a f t e r w a r d s .  

C o n s t a n c y  o f  t h e  i n t e n s i t y  o f  t h e  l i g h t  s t i m u l u s  d u r i n g  t h e  
p e r i o d  o f  r o t a t i o n  i n  t h e  c e n t r i f u g e  w a s  g u a r a n t e e d  by  u s i n g  a 
s p e c i a l  d e v i c e  w h i c h  p r o v i d e d  for a u t o m a t i c  t r a n s m i s s i o n  o f  t h e  
l i g h t  p u l s e s  t i m e d  w i t h  t h e  r e v o l u t i o n s o f  t h e  c e n t r i f u g e  a t  t h e  
moment t h e  a n i m a l ’ s  body  p a s s e d  t h r o u g h  a g i v e n  p o i n t  i n  t h e  r o t a 
t i o n  p l a n e .  When t h e  a n i m a l  w a s  a t  a g i v e n  p o i n t ,  t h e  d i r e c t i o n  
o f  t h e  l i g h t  f l u x  c o i n c i d e d  w i t h  t h e  o p t i c a l  a x i s  o f  t h e  e y e .  

The e x p e r i m e n t a l  d a t a  were d e v e l o p e d  b y  s e q u e n t i a l  i n t e g r a t i o n  
o f  t h e  a m p l i t u d e  v a l u e  f o r  t h e  e l e c t r i c  p o t e n t i a l  o f  e a c h  o f  t h e  
r e s p o n s e s  f o r  a s e r i e s ,  a t  a f i x e d  t i m e  a f t e r  t h e  moment o f  t h e  
a c t i o n  o f  t h e  l i g h t  s t i m u l u s .  I n  a n a l y z i n g  t h e  e x p e r i m e n t a l  d a t a ,  
w e  c o n s i d e r e d  t h e  l a t e n t  p e r i o d s  o f  t h e  r e s p o n s e s ,  t h e  v a l u e  ( a m p l i 
t u d e )  a n d  d u r a t i o n  for t h e  c o m p o n e n t s  c o m p r i s i n g  t h e  r e s p o n s e ,  a n d  
also t h e  f o r m  o f  t h e  r e s p o n s e s  t h e m s e l v e s .  For t h e  p r i n c i p a l  c h a r 
a c t e r i s t i c  o f  t h e  f u n c t i o n a l  c o n d i t i o n  f o r  t h e  c o r r e s p o n d i n g  di’vi’si’on 
o f  t h e  a n a l y z e r ,  we t o o k  t h e  l a t e n t  p e r i o d  o f  t h e  “B” wave i n  t h e  
e l e c t r o r e t i n o g r a p h  a n d  t h e  p o s i t i v e  p h a s e s  o f  t h e  P R  f o r  t h e  e x t e r 
n a l  c o r p u s  g e n i c u l a t u m  a n d  t h e  v i s u a l  c o r t e x .  

A s  t h e  e x a m i n a t i o n s  s h o w e d ,  t h e  a c c e l e r a t i o n s  h a v e  a S i g n i f i 
c a n t  e f f e c t  on t h e  s p o n t a n e o u s  b i o e l e c t r i c  a c t i v i t y  o f  v a r i o u s  d i v i - / 1 5 7  
s i o n s  of  t h e  o p t i c  a n a l y z e r ,  as w e l l  as on t h e  c o u r s e  o f  e l e c t r i c a l  
phenomena  r e l a t e d  t o  t h e  a c t i o n  o f  a d e q u a t e  s t i m u l i  or a f f e r e n t s .  
The n a t u r e  of  t h e  c h a n g e s  a n d  t h e i r  s i g n i f i c a n c e  v a r i e d  w i t h  t h e  
v a l u e  of t h e  a c c e l e r a t i o n  a n d  i t s  r e c u r r e n c e .  
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F o r  t h e  s i n g l e  a c t i o n  of a c c e l e r a t i o n s  w i t h  s m a l l  v a l u e s  ( u p '  
t o  5 u n i t s ) , i t  i s  p r i m a r i l y  t h e  e l e c t r i c a l  r e s p o n s e s  o f  t h e  r e t i n a  
a n d  t h e  v i s u a l  c o r t e x  w h i c h  c h a n g e .  A c h a r a c t e r i s t i c  c h a n g e  i n  t h e  
ERG i s  a d e c r e a s e  i n  t h e  " B "  w a v e , w h i c h  i s  o b s e r v e d  a l m o s t  f r o m  t h e  
v e r y  b e g i n n i n g  o f  t h e  e f f e c t .  

I t  a p p e a r s  p o s s i b l e  t o  d i s t i n g u i s h  two p h a s e s  i n  t h e  c h a n g e s  o f  
t h e  PR f o r  t h e  v i s u a l  c o r t e x .  A t  t h e  b e g i n n i n g  o f  t h e  e f f e c t ,  w e  
f i n d  a s m a l l  i n c r e a s e  i n  t h e  a m p l i t u d e  o f  t h e  p o s i t i v e  as  w e l l  as 
n e g a t i v e  p h a s e s  o f  t h e  r e s p o n s e .  S u b s e q u e n t l y ,  t o g e t h e r  w i t h  a n  
a l m o s t  c o m p l e t e  d i s a p p e a r a n c e  o f  t h e  n e g a t i v e  p h a s e ,  t h e r e  i s  ob
s e r v e d  a s i g n i f i c a n t  w e a k e n i n g  o f  t h e  p o s i t i v e  componen t  as w e l l .  

I t  i s  n o t  s o  much a c h a n g e  i n  t h e  e x c i t a b i l i t y  o f  t h e  c o r r e s 
p o n d i n g  c o r t i c a l  e l e m e n t s  as  a s h o r t e n i n g  o f  t h e  t i m e  f o r  t h e  reac
t i o n  o f  s p e c i f i c  t h a l a m i c  f o r m a t i o n s  w h i c h  f o r m s  t h e  b a s i s  o f  t h e  
l i m i t e d  r e d u c t i o n  o f  t h e  l a t e n t  p e r i o d  f o r  t h e  r e s p o n s e s  o f  t h e  v i s 
u a l  c o r t e x .  The s h o r t e n i n g  o f  t h e  l a t e n t  p e r i o d s  f o r  t h e  r e s p o n s e s  
o f  t h e  e x t e r n a l  c o r p u s  g e n i c u l a t u m  i n d i c a t e  t h i s .  

F o r  a s i n g l e  e f f e c t  o f  a c c e l e r a t i o n s  w i t h  a v e r a g e  v a l u e s  ( f r o m  
5 - 1 2  u n i t s ) , o r  f o r  t h e  r e p e a t e d  e f f e c t  o f  a c c e l e r a t i o n s  w i t h  
v a l u e s  o f  4 - 5  u n i t s , t h e  E R G  a n d  t h e  P R  o f  t h e  v i s u a l  c o r t e x  c h a n g e  
more s h a r p l y .  I n  t h i s  c a s e , i n  a d d i t i o n  t o  t h e  s i g n i f i c a n t  w e a k e n i n g  
o f  t h e  a m p i i t u d e  f o r  t h e  r e s p o n s e s , t h e i r  l a t e n t  p e r i o d s  a r e  o b s e r v e d  
a t  g r e a t e r  i n t e r v a l s .  T h i s  r e l a t e d  p r i m a r i l y  t o  t h e  r e s p o n s e s  o f  t h e  
r e t i n a  a n d  t h e  v i s u a l  c o r t e x .  A s  f o r  t h e  r e s p o n s e s  o f  t h e  e x t e r n a l  
c o r p u s  g e n i c u l a t u m ,  d e s p i t e  t h e  f a c t  t h a t  t h e i r  l a t e n t  p e r i o d s  a l s o  
i n c r e a s e , t h e  d i f f e r e n c e  b e t w e e n  them a n d  t h e  l a t e n t  p e r i o d s  f o r  t h e  
r e s p o n s e s  o f  t h e  r e t i n a  d e c r e a s e s .  The l a t t e r  c i r c u m s t a n c e  shows 
t h a t , i n  a d d i t i o n  t o  t h e  i n t e n s i f i c a t i o n  o f  t h e  i n h i b i t i o n  p r o c e s s e s  
i n  t h e  r e t i n a  a n d  t h e  c o r t i c a l  r e g i o n  o f  t h e  a n a l y z e r , s p e c i f i c  t h a l 
a m i c  f o r m a t i o n s  a r e  i n  a s t a t e  o f  i n c r e a s e d  e x c i t a t i o n  d u r i n g  t h i s  time. 

A v e r a g e d  d a t a , a s  shown i n  F i g u r e  l y r e p r e s e n t  t h e  n a t u r e  o f  t h e  
c h a n g e s  i n  t h e  E R G  a n d  t h e  PR o f  t h e  v i s u a l  c o r t e x  d u r i n g  a s i n g l e  
e f f e c t  of a c c e l e r a t i o n  w i t h  v a l u e s  o f  6 a n d  1 2  u n i t s .  We c a n  s e e  
f r o m  t h e  f i g u r e  t h a t  t h e  e f f e c t  o f  a c c e l e r a t i o n  o f  a r e l a t i v e l y  
s m a l l  v a l u e ( 6  u n i t s )  c a u s e d  a s i g n i f i c a n t  c h a n g e  i n  t h e  f o r m  a n d  t h e  
a m p l i t u d e  o f  t h e  e l e c t r i c  r e s p o n s e s ( C u r v e  B ) .  Bo th  t h e  p o s i t i v e  a n d  
n e g a t i v e  p h a s e s  o f  t h e  r e s p o n s e s  d e c r e a s e d .  The c u r v e  f o r  t h e  r i s e  
a n d  f a l l  o f  t h e  p o t e n t i a l s  became more e x t e n d e d  i n  t i m e .  However ,  
t h e  l a t e n t  p e r i o d s  o f  t h e  "BI '  wave i n  t h e  ERG,and o f  t h e  p o s i t i v e  
p h a s e  o f  t h e  PR f o r  t h e  v i s u a l  c o r t e x , d i d  n o t  c h a n g e  i n  t h i s  ca se .  

A v e r y  d i f f e r e n t  p a t t e r n  w a s  o b s e r v e d  f o r  c h a n g e s  d u r i n g  t h e  
a c t i o n  o f  a n  a c c e l e r a t i o n  w i t h  a v a l u e  o f  1 2  u n i t s  ( C u r v e  D). I n  
t h i s  c a s e , t o g e t h e r  w i t h  a s h a r p  d e c r e a s e  i n  t h e  a m p l i t u d e  o f  t h e  r e - / 1 5 8  
s p o n s e s , t h e r e  w a s  a s i g n i f i c a n t  l e n g t h e n i n g  o f  t h e  l a t e n t  p e r i o d s ,  
b a s e d  on  a n  i n c r e a s e  i n  t h e  l a t e n t  p e r i o d s  f o r  r e s p o n s e s  o f  t h e  r e t i n a .  

D u r i n g  t h e  p e r i o d  i m m e d i a t e l y  f o l l o w i n g  a c c e l e r a t i o n s  ( C u r v e s  
C a n d  D ) , l a t e n t  p e r i o d s  o f  t h e  r e s p o n s e s  d i d  n o t  d i f f e r  f r o m  t h e  o r i g 
i n a l  o n e s .  As �or t h e i r  a m p l i t u d e ,  b o t h  t h e  p o s i t i v e  a n d  t h e  n e g a 
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t i v e  p h a s e s  o f  t h e  r e s p o n s e s  c o n t i n u e d  t o  d e c r e a s e  d u r i n g .  t h i s  t i m e .  

C' 
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/I t & 

D i  $-7! -

D u r i n g  t h e  r e p e a t e d  a c t i o n  of A c c e l e r a t i o n s  w h i c h  a r e  c l o s e  
i n  v a l u e  t o  t h e  maximum e n d u r a b l e ,  t o g e t h e r  w i t h  a c o m p l e t e  s u p 
p r e s s i o n  o f  t h e  r e s p o n s e s  f o r  t h e  v i s u a l  c o r t e x ,  t h e r e  w e r e  o f t e n  
o b s e r v e d  cases  when t h e  r e s p o n s e s  o f  t h e  e x t e r n a l  c o r p u s  g e n i c u l a t u m  
w e r e  g r e a t l y  w e a k e n e d .  I n  t h i s  c a s e ,  d e s p i t e  s i g n i f i c a n t  w e a k e n i n g
o f  t h e  r e s p o n s e  o f  t h e  u p p e r  t u b e r c l e s ,  i t s  r e t e n t i o n  i n d i c a t e s  /159 
t h a t  t h e  c a p a c i t y  o f  t h e  r e t i n a  t o  r e c e i v e  a d e q u a t e  s t i m u l a t i o n  i s  
n o t  c o m p l e t e l y  e x h a u s t e d  d u r i n g  t h i s  t i m e .  

A c c o r d i n g  t o  t h e  p a r t i c u l a r  f e a t u r e s  o f  t h e  c h a n g e s  i n  t h e  ERG 
a n d  t h e  PR of v a r i o u s  d i v i s i o n s  o f  t h e  o p t i c  a n a l y z e r ,  a l l  t h e  e x 
p e r i m e n t s  were d i v i d e d  i n t o  3 g r o u p s .  The f i r s t  g r o u p  showed t h e  
e f f e c t  o f  a c c e l e r a t i o n s  r a n g i n g  f rom 1 . 5  - 5 u n i t s ,  t h e  s e c o n d  g r o u p  
f r o m  5 .1 -12  u n i t s ,  a n d  t h e  t h i r d  g r o u p  f r o m  1 2 . 1 - 2 2  u n i t s .  The r e 
s u l t s  o f  t h e  s t a t i s t i c a l  a n a l y s i s  a r e  shown i n  t h e  t a b l e .  
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C H A N G E  I N  T H E  L A T E N T  PERIODS OF THE E R G  A N D  THE PR FOR T H E  EXTERNAL 
CORPUS 	 G E N I C U L A T U M  A N D  VISUAL C O R T E X ,  AS A FUNCTION OF T H E  V A L U E  

A C C E L E R A T I O N  (PRINCIPAL S T A T I S T I C A L  C H A R A C T E R I S T I C S ) .  

I 
D i v i s i o n  o f  t h e  System 	 Number of 

D e t e r m i " s  

R e t i n a  
E x t e r n a l  	C o r p u s  

G e n i c u l a t u m  
V i s u a l  C o r t e x  

E x t e r n a l  	C o r p u s  
G e n i c u l a t u m  

V i s u a l  C o r t e x  

R e t i n a  
E x t e r n a l  	C o r p u s  

G e n i c u l a t u m  
V i s u a l  C o r t e x  

E x t e r n a l  	C o r p u s  
G e n i c u l a t u m  

V i s u a l  C o r t e x  

59 1 3 t 0- - 1 3  

1 9  8 1 5 t 0 . 1 5  
209 1 7 5 0 . 1 5  

DID i f f e r e n c e )  

1 7 . 7 %  

2 . 1  1 4 %  
2 . 2  1 3 %  

b )  	D u r i n g  A c c e l e r a t i o n s  o f  1 . 5  '

5 u n i t s .  

-1 0  8 1 7 t 0 . 2 9  3 . 4  8 . 2 %  

1 0  8 1 8 t 0 . 2 2  2 . 3  1 2 . 8 %  
1 3 6  23T0 .14  1 . 4  1 5 %-

62  
55 

W e  c a n  s e e  f r o m  t h e  d a t a  p r e s e n t e d  i n  t h e  t a b l e  t h a t ,  d u r i n g  
t h e  a c t i o n  o f  a c c e l e r a t i o n s  w i t h  v a l u e s  up  t o  5 u n i t s ,  t h e  l a t e n t  
p e r i o d s  f o r  r e s p o n s e s  of t h e  e x t e r n a l  c o r p u s  g e n i c u l a t u m ,  as  w e l l  
a s  t h e  v i s u a l  c o r t e x ,  a r e  somewhat  s h o r t e n e d .  The v a r i a b i l i t y  i n  
t h e  r e s p o n s e s  i s  r e d u c e d  ( t h e  c o e f f i c i e n t  o f  v a r i a b i l i t y  V d e c r e a s e s  
for t h e  r e s p o n s e s  o f  t h e  v i s u a l  c o r t e x  f r o m  1 3 %  t o  6 % ,  a n d  f r o m  1 4  
t o  8 . 3 %  f o r  t h e  r e s p o n s e s  o f  t h e  e x t e r n a l  c o r p u s  g e n i c u l a t u m ) .  
Very  d i f f e r e n t  c h a n g e s  a r e  o b s e r v e d  d u r i n g  t h e  a c t i o n  o f a c c e l 
e r a t i o n s  w i t h  v a l u e s  f r o m  5 . 1  t u  1 2  u n i t s .  I n  t h i s  c a s e ,  t h e  /160 
l a t e n t  p e r i o d s  f o r  r e s p o n s e s  i n  a l l  t h e  d i v i s i o n s  o f  t h e  o p t i c  
a n a l y z e r  i n c r e a s e  s i g n i f i c a n t l y .  We c a n  s e e  f r o m  t h e  t a b l e  t h a t  
t h e  i n c r e a s e  i n  t h e  l a t e n t  p e r i o d  o f  r e s p o n s e s  f o r  t h e  r e t i n a  a n d  
t h e  v i s u a l  c o r t e x  c a u s e  t h i s .  The d i f f e r e n c e  b e t w e e n  t h e  l a t e n t  
p e r i o d s  o f  r e s p o n s e s  f o r  t h e  e x t e r n a l  c o r p u s  g e n i c u l a t u m  a n d  t h e  
r e t i n a  e v e n  d e c r e a s e  somewhat  i n  t h i s  c a s e .  
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The l a t e n t  p e r i o d s  for t h e  r e s p o n s e s  o f  t h e  v i s u a l  c o r t e x  
i n c r e a s e  e v e n  more s h a r p l y  d u r i n g  t h e  e f f e c t  o f  a c c e l e r a t i o n s  
w i t h  v a l u e s  f r o m  1 2  t o  2 2  u n i t s .  I n  t h o s e  r a t h e r  f e w  e x p e r i m e n t s  
when t h e  r e s p o n s e s  o f  t h e  v i s u a l  c o r t e x  r e m a i n e d  t h e  same f o r  s u c h  
v a l u e s  of a c c e l e r a t i o n ,  t h e i r  l a t e n t  p e r i o d  w a s  i n c r e a s e d  by  a 
f a c t o r  o f  two  r e l a t i v e  t o  t h e  o r i g i n a l .  

T h u s ,  i f  t h e  i n t e n s i f i c a t i o n  o f  t h e  r e t a r d a t i o n  p r o c e s s e s  
( p r i m a r i l y  i n  t h e  n e u r o n s  of t h e  r e t i n a )  i s  c a u s e d  by  a l e n g t h e n i n g  
o f  t h e  l a t e n t  p e r i o d  f o r  t h e  r e s p o n s e  o f  t h e  v i s u a l  c o r t e x  d u r i n g  
t h e  a c t i o n  o f  a c c e l e r a t i o n s  w i t h  a v e r a g e  v a l u e s ,  t h e n  d u r i n g  t h e  
a c t i o n  of a c c e l e r a t i o n s  w i t h  g r e a t e r  v a l u e s  i t  i s  c a u s e d  m a i n l y  
by  a c h a n g e  i n  t h e  f u n c t i o n a l  c o n d i t i o n  o f  t h e  c o r t i c a l  c e l l s  them
s e l v e s .  

The E R G  a n d  t h e  PR f o r  d i v i s i o n s  o f  t h e  o p t i c  a n a l y z e r  a l s o  
c h a n g e  s i g n i f i c a n t l y  d u r i n g  t h e  s u b s e q u e n t  p e r i o d .  I n  r e l a t i o n  t o  
t h e  e l a p s e d  t i m e  s i n c e  t h e  moment o f  t e r m i n a t i o n  o f  t h e  a c c e l e 
r a t i o n ,  t h e  n a t u r e  a n d  s i g n i f i c a n c e  of t h e  c h a n g e s  v a r y .  I m m e d i a t e l y  
a f t e r  t h e  a c t i o n  o f  a c c e l e r a t i o n s  w i t h  s m a l l  a n d  a v e r a g e  v a l u e s ,  
t h e  l a t e n t  p e r i o d  f o r  t h e  r e s p o n s e s  i s  somewhat  s h o r t e n e d  i n  mos t  
c a s e s .  T h i s  i s  f r e q u e n t l y  combined  w i t h  a s i g n i f i c a n t  i n t e n s i f i c a 
t i o n  o f  t h e  p o s i t i v e  a s  w e l l  a s  t h e  n e g a t i v e  p h a s e s  o f  t h e  r e s p o n s e .  
T h e s e  c h a n g e s  i n d i c a t e  t h a t  t h e  n e r v e  e l e m e n t s  o f  t h e  c o r t e x  a n d  o f  
s p e c i f i c  t h a l a m i c  f o r m a t i o n s  a r e  i n  a s t a t e  o f  i n c r e a s e d  e x c i t a t i o n  
d u r i n g  t h i s  p e r i o d .  However ,  t h e  phenomena  o f  e x c i t a t i o n  c h a n g e  
r a t h e r  r a p i d l y  w i t h  a s i g n i f i c a n t  i n t e n s i f i c a t i o n  o f  t h e  r e t a r d a t i o n  
p r o c e s s ,  w h i c h  i s  i n d i c a t e d  b o t h  by a d e c r e a s e  i n  t h e  a m p l i t u d e  o f  
t h e  r e s p o n s e s  a n d  by a s i g n i f i c a n t  l e n g t h e n i n g  o f  t h e i r  l a t e n t  
p e r i o d s .  

T h e s e  e x a m i n a t i o n s  showed t h a t  t h e  t r a n s i t i o n  o f  t h e  n e r v e  
c e l l s  t o  a r e t a r d e d  c o n d i t i o n  c a n  be  t e m p o r a r i l y  p r e v e n t e d ,  w h i l e  
t h e  r e t a r d a t i o n  w h i c h  o c c u r s  c a n  be  e l i m i n a t e d  by a r e c u r r e n t  e f 
f e c t  of a n  a c c e l e r a t i o n .  T h i s  f a c t  g i v e s  u s  c a u s e  t o  a s s u m e  t h a t  
t h e  o r i g i n  o f  t h e  d e v e l o p m e n t  of t h e s e  phenomena  i s  n o t  f o u n d  i n  
t h e  n e r v e  c e l l s  f o r  t h e  c o r r e s p o n d i n g  d i v i s i o n  o f  t h e  a n a l y z e r ,  
b u t  i s  f o u n d  i n  t h e  e f f e c t s  d e r i v i n g  f r o m  o t h e r  d i v i s i o n s  o f  t h e  
c e n t r a l  n e r v o u s  s y s t e m .  T h e  " r e c i p r o c i t y "  i n  t h e  c h a n g e s  i n  e x 
c i t a b i l i t y  f o r  t h e  r e t i n a  a n d  t h e  v i s u a l  c o r t e x ,  w h i c h  i s  p a r t i c u 
l a r l y  c h a r a c t e r i s t i c  f o r  t h e  s u b s e q u e n t  p e r i o d ,  a l s o  c o n f i r m s  t h i s  
a s s u m p t i o n .  

The r e c o r d i n g s  i n  F i g u r e  2 show t h e  p h a s e  c h a r a c t e r  o f  t h e  
c h a n g e s  i n  t h e  e l e c t r i c  r e s p o n s e s  o f  t h e  r e t i n a  a n d  t h e  v i s u a l  
c o r t e x .  

W e  c a n  s e e  f r o m  F i g u r e  2 t h a t  t h e  e f f e c t  of a n  a c c e l e r a t i o n  
w i t h  a v a l u e  of 1 3 . 2  eg w a s  a c c o m p a n i e d  by a s i g n i f i c a n t  c h a n g e  i n  
t h e  ERG a n d  t h e  PR o f  t h e  v i s u a l  c o r t e x .  I n  t h e  e l e c t r i c  r e s p o n s e s  
of t h e  r e t i n a ,  t h e r e  w a s  a c l e a r  d e c r e a s e  i n  t h e  a m p l i t u d e  o f  t h e  
n e g a t i v e  p h a s e ,  combined  w i t h  a n  i n c r e a s e  i n  t h e  p o s i t i v e  p h a s e .  
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The p o s i t i v e  componen t  of  t h e  r e s p o n s e  o f  t h e  v i s u a l  c o r t e x  a l s o  
d e c r e a s e d  s u b s t a n t i a l l y .  A s  for t h e  r e s p o n s e s  o f  t h e  e x t e r n a l  
c o r p u s  g e n i c u l a t u m ,  t h e i r  a m p l i t u d e  e v e n  i n c r e a s e d  somewhat  d u r i n g  
t h i s  t i m e .  

F i g .  2 .  E R G  a n d  P R  for E x t e r n a l  C o r p u s  G e n i c u l a t u m  a n d  V i s u a l  / 1 6 1  
C o r t e x  d u r i n g  A c c e l e r a t i o n  a n d  d u r i n g  t h e  S u b s e q u e n t  P e r i o d  
(1) E R G ;  ( 2 )  E l e c t r o g r a p h s  o f  t h e  E x t e r n a l  C o r p u s  t i e n i c u l a t u m ;  
(3) E l e c t r o g r a p h s  o f  t h e  V i s u a l  C o r t e x ;  ( 4 )  E l e c t r o c a r d i o g r a m ;  ( 5 )  
R e s p i r a t i o n ;  ( 6 )  L i g h t  F l a s h ;  ( 7 )  C o u r s e  o f  R o t a t i o n  i n  t h e  C e n t r i f u g e .  

W i t h i n  3 0  s e c  a f t e r  a n  a c c e l e r a t i o n ,  t h e  a m p l i t u d e  o f  t h e  
r e s p o n s e s  on t h e  p a r t  o f  t h e  e x t e r n a l  c o r p u s  g e n i c u l a t u m  i n c r e a s e d  
t o  a n  e v e n  g r e a t e r  d e g r e e .  The r e s p o n s e s  o f  t h e  r e t i n a  c h a n g e d  
e v e n  more s h a r p l y  t h a n  d u r i n g  t h e  p e r i o d  o f  a c c e l e r a t i o n s .  The  
" B "  wave e x p a n d e d  a n d  seemed  t o  b e  composed  o f  t w o  w a v e s .  The 
e l e c t r i c a l  r e s p o n s e s  o f  t h e  v i s u a l  c o r t e x  w e r e  v e r y  much c h a n g e d .  
The a m p l i t u d e  o f  t h e  p o s i t i v e  p h a s e  f o r  t h e  r e s p o n s e  became  e v e n  
h i g h e r  t h a n  t h e  o r i g i n a l  d u r i n g  t h i s  t i m e .  

W i t h i n  5 0  s e c  f r o m  t h e  moment t h e  a c c , e l e r a t i o n s  were  s t o p p e d ,  
t h e  a m p l i t u d e  and  t h e  f o r m  o f  t h e  e l e c t r i c  r e s p o n s e s  on  t h e  p a r t  o f  
t h e  r e t i n a  and  t h e  v i s u a l  c o r t e x  a g a i n  c h a n g e d  s i g n i f i c a n t l y .  The 
a m p l i t u d e  o f  t h e  r e s p o n s e s  o f  t h e  r e t i n a  became g r e a t e r  t h a n  t h e  
o r i g i n a l .  The a m p l i t u d e  o f  t h e  r e s p o n s e s  on  t h e  p a r t  o f  t h e  v i s u a l  
c o r t e x  i n c r e a s e d  a l m o s t  by  a f a c t o r  o f  1 . 5 ,  w h i l e  t h e  n e g a t i v e  
componen t  i n c r e a s e d  s i g n i f i c a n t l y  i n  t h i s  c a s e .  D u r i n g  t h i s  same 
p e r i o d ,  t h e  a m p l i t u d e  f o r  t h e  r e s p o n s e s  o f  t h e  e x t e r n a l  c o r p u s  
g e n i c u l a t u m ,  h o w e v e r ,  d e c r e a s e d  somewha t .  Even  w i t h i n  6 0  s e c ,  
t h e r e  w a s  a g a i n  a s h a r p  o p p r e s s i o n  o f  t h e  r e s p o n s e s  f o r  t h e  r e t i n a ,  
w h i c h  w a s  combined  w i t h  a s i m u l t a n e o u s  i n c r e a s e  i n  t h e  a m p l i t u d e  o f  
t h e  r e s p o n s e s  f o r  t h e  e x t e r n a l  c o r p u s  g e n i c u l a t u m  a n d  t h e  v i s u a l  
c o r t e x .  I n  t h e  r e s p o n s e s  o f  t h e  l a t t e r ,  t h e r e  w e r e  a d d i t i o n a l  
c o m p o n e n t s .  Somewhat l a t e r  ( w i t h i n  2 . 5  min  a f t e r  t h e  t e r m i n a t i o n  
o f  t h e  a c c e l e r a t i o n s )  t h e  a m p l i t u d e  o f  t h e  r e s p o n s e s  from t h e  
r e t i n a  a g a i n  i n c r e a s e d  s i g n i f i c a n t l y ,  a n d  t h e  a m p l i t u d e  o f  t h e  

r e s p o n s e s  f o r  t h e  v i s u a l  c o r t e x  d e c r e a s e d  s u b s t a n t i a l l y  i n  t h i s  

c a s e .  A f t e r  a n o t h e r  2 0  s e c ,  t h e s e  phenomena  r e p e a t e d  t h e m s e l v e s .  

T h u s ,  i n  t h e  c h a n g e s  o f  t h e  l e v e l  o f  e x c i t a b i l i t y  f o r  t h e  r e t i n a  / 1 6 2  

a n d  t h e  v i s u a l  c o r t e x ,  t h e r e  w e r e  n o t e d  u n i q u e ,  a p p a r e n t l y  r e c i p r o c a l  
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r e l a t i o n s h i p s .  

The s t u d i e s  showed t h a t  e v e n  when t h e  
a r e  g r e a t l y  w e a k e n e d ,  t h e  r e s p o n s e s  o f  t h e  
tum r e m a i n  s l i g h t l y  c h a n g e d  i n  a number  o f  
c a n  s ee  f r o m  F i g u r e  3 ,  a n  a c c e l e r a t i o n  o f  
s h a r p  d e p r e s s i o n  o f  t h e  r e t i n a l  r e s p o n s e s .  

by  3 . 5  
p e r i o d  
f a c t o r

lrJL


r e s p o n s e s  o f  t h e  r e t i n a  
e x t e r n a l  c o r p u s  g e n i c u l a 
cases  ( F i g .  3 ) .  

2 0 . 3  u n i t s  c a u s e d  
T h e i r  a m p l i t u d e  

t i m e s ,  w h i l e  t h e  
i n c r e a s e d  a l m o s t  

A s  w e  
a 
d e c r e a s e d  
l a t e n t  
by  a 

V m z p v 5 o p vu 

Z msec 

F i g .  3 .  R e s p o n s e s  o f  E x t e r n a l  
C o r p u s  G e n i c u l a t u m  ( I )  A g a i n s t  
a B a c k g r o u n d  o f  S h a r p  S u p p r e s 
s i o n  o f  R e s p o n s e s  o f  t h e  R e t i n a  
(IT) d u r i n g  t h e  A c t i o n  o f  a n  
A c c e l e r a t i o n  o f  2 0 . 3  u n i t s  
( " H e a d - P e l v i s " )  ( A v e r a g e d  D a t a ) .  
(A)  B e f o r e  t h e  A c c e l e r a t i o n ;  
( B )  A f t e r  I t .  

o f  1 . 5 .  The l e n g t h  o f  
t i m e  f o r  t h e  n e g a t i v e  p h a s e  o f  
t h e  r e s p o n s e s  c h a n g e d  s u b s t a n 
t i a l l y .  W h i l e  i t  w a s  a b o u t  
1 0 0  msec b e f o r e  a n  a c c e l e 

$\?i r a t i o n ,  i t  w a s  o n l y  a b o u t  2 5  msec 
a f t e r  i t .  D e s p i t e  t h i s  f a c t ,  
t h e r e  w e r e  n o  s h a r p  c h a n g e s  i n  
t h e  e l e c t r i c a l  r e s p o n s e  o f  t h e  
e x t e r n a l  c o r p u s  g e n i c u l a t u m .  
T h e i r  l a t e n t  p e r i o d  a n d  a m p l i 
t u d e  r e m a i n e d  a l m o s t  t h e  same 
a s  b e f o r e  t h e  a c t i o n  o f  t h e  
a c c e l e r a t i o n .  A s  �or t h e  
l e n g t h  o f  t i m e  f o r  t h e  p o s i t i v e  
p h a s e  o f  t h e  r e s p o n s e s ,  on  t h e  
o t h e r  h a n d ;  i t  e v e n  i n c r e a s e d  
somewhat  ( f r o m  7 5  t o  9 0  m s e c ) .  
A l l  t h i s  ' i n d i c a t e s  t h a t  t h e r e  
a p p e a r e d  t o  b e  a t r a n s f o r m a t i o n  
mechan i sm i n  t h e  a c t i o n  d u r i n g  

t h i s  p e r i o d ,  w h i c h  g u a r a n t e e d  t h a t  t h e  i n t e n s i t y  o f  t h e  e x c i t a t i o n  
wou ld  r e m a i n  c o n s t a n t  d u r i n g  a s h a r p  w e a k e n i n g  o f  t h e  a f f e r e n t a t i o n  
o c c u r r i n g  i n  i t .  

A s  w e  h a v e  shown e a r l i e r ,  t h e  n e r v e  s t r u c t u r e s  o f  t h e  u p p e r  
t u b e r c l e s  o f  t h e  l a m i n a  q u a d r i g e m i n a  h a v e  t h e  g r e a t e s t  s t a b i l i t y  i n  
r e l a t i o n  t o  t h e  e f f e c t  of  a c c e l e r a t i o n .  T h e i r  r e s p o n s e s  c h a n g e d  
l e s s  s h a r p l y  d u r i n g  t h e  s u b s e q u e n t  p e r i o d  a l s o  ( F i g .  4 ) .  W e  c a n  
s e e  f r o m  F i g u r e  4 t h a t  a f t e r  t h e  e f f e c t  of  a c c e l e r a t i o n s  w i t h  
s m a l l  v a l u e s  ( 4 . 2  u n i t s ) ,  when t h e  e l e c t r i c  r e s p o n s e s  o f  t h e  v i s u a l  
c o r t e x  a n d  e x t e r n a l  c o r p u s  g e n i c u l a t u m  w e r e  a l m o s t  t h e  same a s  t h e  
o r i g i n a l  o n e s ,  t h e  a m p l i t u d e  o f  t h e  r e s p o n s e  o n  t h e  p a r t  of t h e  
h i g h e r  t u b e r c l e s  i n c r e a s e d  s u b s t a n t i a l l y .  A f t e r  a n  a c c e l e r a t i o n  
o f  1 2 . 8  u n i t s ,  when t h e  a m p l i t u d e  o f  t h e  r e s p o n s e s  on  t h e  p a r t  o f  
t h e  v i s u a l  c o r t e x  a n d  e x t e r n a l  c o r p u s  g e n i c u l a t u m  p r o v e d  t o  b e  
s h a r p l y  d e c r e a s e d ,  t h e  a m p l i t u d e  for t h e  r e s p o n s e s  o f  t h e  u p p e r  
t u b e r c l e s  a l m o s t  d i d  n o t  c h a n g e ,  a n d  o n l y  t h e  n e g a t i v e  p h a s e  o f  
t h e  r e s p o n s e  was i n t e n s i f i e d .  F i n a l l y ,  a f t e r  r e c u r r e n t  a c t i o n  o f  
a c c e l e r a t i o n s ,  when t h e  r e s p o n s e s  o f  t h e  v i s u a l  c o r t e x  a n d  e x 
t e r n a l  c o r p u s  g e n i c u l a t u m  a r e  n o t  d e t e c t e d  t h e  r e a c t i o n  o f  t h e  
n e r v e  s t r u c t u r e s  i n  t h e  u p p e r  t u b e r c l e s  c o n t i n u e d  t o  b e  c l e a r l y  
e v i d e n t .  
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A s  f o l l o w s  f rom t h e  d a t a  b e i n g  e x a m i n e d  a b o v e ,  t h e . e f f e c t  o f  / 1 6 3  
a n  a c c e l e r a t i o n  c a u s e s  . s i g n i f i c a n t  s h i f t s  i n  t h e  f u n c t i o n a l  c o n 
d i t i o n  of  a l l  t h e  d i v i s i o n s  o f  t h e  o p t i c  a n a l y z e r .  The r e t i n a  a n d  
t h e  v i s u a l  c o r t e x  h a v e  t h e  g r e a t e s t  r e a c t i v i t y  i n  r e l a t i o n  t o  t h i s  
e f f e c t ,  a n d  t h e  t u b e r c l e s  o f  t h e  l a m i n a  q u a d r i g e m i n a  h a v e  t h e  l e a s t .  
The n u c l e a r  f o r m a t i o n s  beyond  t h e  t u b e r c l e s  o c c u p y  a n  i n t e r m e d i a t e  
p o s i t i o n .  

A2 
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B2 


2

v3 
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50ms e c -
F i g .  4 .  P r i m a r y  R e s p o n s e s  of t h e  V i s u a l  C o r t e x ,  E x t e r n a l  C o r p u s  
G e n i c u l a t u m ,  a n d  Upper  T u b e r c l e s  o f  t h e  Lamina Q u a d r i g e m i n a  d u r i n g  
t h e  A c t i o n  of  A c c e l e r a t i o n s  ( S i n g l e  a n d  i n  t h e  Form o f  a S e r i e s ) .
(1) V i s u a l  C o r t e x ;  ( 2 )  E x t e r n a l  C o r p u s  G e n i c u l a t u m ;  ( 3 )  Upper  
T u b e r c l e s  of  t h e  Lamina Q u a d r i g e m i n a ;  (A)  B e f o r e  A c t i o n ;  ( B )  A f t e r  
a n  A c c e l e r a t i o n  o f  4 . 2  u n i t s ;  ( C )  A f t e r  a n  A c c e l e r a t i o n  o f  1 2 . 8  
u n i t s ;  ( D )  A f t e r  a S e r i e s  o f  A c c e l e r a t i o n s  ( f r o m  8 t o  1 4  u n i t s ) .  

The r e s u l t s  o f  t h e s e  s t u d i e s  show t h e  c o r t i c a l  a n d  r e t i n a l  
n a t u r e  o f  t h e  d i s o r d e r s  i n  t h e  a c t i v i t y  o f  t h e  o p t i c  a n a l y z e r  d u r i n g  
a c c e l e r a t i o n s .  We c a n  a s sume  t h a t  t h e s e  d i s o r d e r s  a r e  c a u s e d  
by r e t a r d a t i o n  o f  t h e  s y n a p t i c  s u p p l y ,  by a c h a n g e  i n  t h e  d y n a m i c s  
o f  t h e  d e v e l o p m e n t  o f  t h e  p r i n c i p a l  n e r v o u s  p r o c e s s e s ,  a n d  a l s o  by 
a s h a r p  i n t e n s i f i c a t i o n  o f  t h e  b a c k g r o u n d  a c t i v i t y  f o r  t h e  c o r r e 
s p o n d i n g  n e r v e  c e n t e r s ,  w h i c h  h a v e  a c o n c e a l e d  e f f e c t  on t h e  
r e a c t i o n s  c a u s e d  by a d e q u a t e  s t i m u l a t i o n .  
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CHARACTERISTICS OF VEGETATIVE REACTIONS I N  MAN DURING THE ACTION 
OF ANGULAR ACCELERATIONS WITH VARYING VALUES AND DURATIONS 

B.I. Polyakov  

ABSTRACT:  I t  was e s t a b Z i s h e d  t h a t  a s ingZe  
a p p Z i c a t i o n  of n e g a t i v e  a c c e z e r a t i o n  f rom 1 5 O  
s e e 2  ( d u r a t i o n  of a c t i o n  = 6 s e e )  t o  1 2 0 0 O  s e e  
( d u r a t i o n  of a c t i o n  = 0 . 1 5  s e e ) ,  v e g e t a t i v e  r e 
a c t i o n s  can  occur  in s u b j e c t s  in t h e  fo rm of a 
r e t a r d a t i o n  of t h e  puZse and r e s p i r a t i o n ,  and an 
i n c r e a s e  in a r t e r i a 2  p r e s s u r e .  I n  mos t  c a s e s ,  
t h e  r e a c t i o n s  have a Za ten t  p e r i o d  of n o t  more 
t h a n  2 0  s e e ,  and t h e y  do n o t  depend on t h e  mag
n i t u d e  of t h e  e f f e c t .  The r e a c t i o n s  aZso do 
n o t  depend on t h e  degree  of t h e  s u b j e c t s '  r e 
s i s t a n c e  t o  m o t i o n - s i c k n e s s ,  and t h e y  have 
r e  Z a t i v e  Zy Z i t t  Ze p r o g n o s t i c  vu  Zue under  t h e  
g i v e n  s t i m u Z a t i o n  c o n d i t i o n s .  The a u t h o r  d i s 
c u s s e s  t h e  n e c e s s i t y  of c o n s i d e r i n g  t h e  p o s s i b Z e
e f f e c t  of t h e  o r i e n t i n g  r e a c t i o n  dur ing  a quan
t i t a t i v e  e x a m i n a t i o n  of human v e s t i b u Z a r - v e g e 
t a t i v e  r e a c t i o n s ,  and t h e  p a r a m e t e r s  of t h e  
s t i m u Z i  u s e d .  

The d e s i g n  of manned s p a c e  f l i g h t s  h a s  p r e s e n t e d  a number  o f  /I65 
p r o b l e m s  c o n c e r n i n g  t h e  p h y s i o l o g y  o f  t h e  v e s t i b u l a r  a n a l y z e r .  I n  
p a r t i c u l a r ,  we h a v e  s e e n  t h e  n e c e s s i t y  f o r  a n  a c c u r a t e  k n o w l e d g e  o f  
t h o s e  p h y s i c a l  c o n d i t i o n s  d u r i n g  wh ich  t h e  c o r r e s p o n d i n g  v e s t i b u l a r  
r e a c t i o n s  o c c u r .  Knowledge o f  t h e s e  c o n d i t i o n s  i s  n e c e s s a r y ,  p r i 
m a r i l y ,  i n  r e l a t i o n  t o  t h e  p o s s i b i l i t y  o f  p r o d u c i n g  a r t i f i c i a l  
g r a v i t a t i o n  a b o a r d  s p a c e  o b j e c t s  by r o t a t i n g ' t h e m  a n d  by t h e  r e 
s u l t a n t  i n e v i t a b l e  s t i m u l a t i o n  o f  t h e  v e s t i b u l a r  a n a l y z e r .  More
o v e r ,  a p r e c i s e  k n o w l e d g e  o f  t h e  v a l u e  for a d e q u a t e  s t i m u l a t i o n  i s  
a c e r t a i n  r e q u i r e m e n t  f o r  v e s t i b u l o - m e t r i c  s t u d i e s ,  i n c l u d i n g  s e 
l e c t i o n  o f  t h e  a s t r o n a u t s .  T h u s ,  t h e  p r o b l e m  o f  t h e  q u a n t i t a t i v e  
r e l a t i o n s h i p  b e t w e e n  t h e  v a l u e  f o r  t h e  v e s t i b u l a r  s t i m u l a t i o n  a n d  
t h e  n a t u r e  o f  t h e  r e s p o n s i v e  v e g e t a t i v e  r e a c t i o n s  i s  o f  p r a c t i c a l  
a n d  n o t  m e r e l y  t h e o r e t i c a l  i n t e r e s t .  

A l t h o u g h  a s i m i l a r  f o r m u l a t i o n  o f  t h e  p r o b l e m  i s  n o t  new [ 8 ,  4 1 ,  
t h e  i n f o r m a t i o n  a c q u i r e d  w a s  l i m i t e d  a n d  d i s c o n n e c t e d  C5-7 ,  11, 1 3 ,  
e t c . ] .  I n  a number o f  c a s e s ,  a q u a n t i t a t i v e  e v a l u a t i o n  o f  t h e  
s t i m u l i  was n o t  s u f f i c i e n t ,  b e c a u s e  u n t i l  r e c e n t 1 . y  t h e r e  w a s  a l a c k  
o f  c o r r e s p o n d i n g  m e t h o d o l o g i c a l  p o s s i b i l i t i e s .  

The p u r p o s e  o f  t h i s  s t u d y  w a s  t o  c h a r a c t e r i z e  t h e  v e s t i b u l a r -
v e g e t a t i v e  r e a c t i o n s  i n  humans ( c h a n g e s  i n  p u l s e  r a t e ,  r e s p i r a t i o n ,  
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a n d  a r t e r i a l  p r e s s u r e )  d u r i n g  t h e  a c t i o n  o f  a c c u r a t e l y - m e a s u r e d  
a n g u l a r  a c c e l e r a t i o n s  r r i t h  v a r y i n g  v a l u e s  a n d  l e n g t h  o f  t i m e  f o r  
e f f e c t .  

The s t u d i e s  w e r e  c o n d u c t e d  o n  h e a l t h y  s u b j e c t s :  1 9  men a n d  
1 9  women, r a n g i n g  f r o m  1 9  t o  36 y e a r s  o f  a g e ,  who h a d  n o t  h a d  a n y  
e a r  t r o u b l e .  I n  a l l ,  85  o b s e r v a t i o n s  w e r e  made .  The v e s t i b u l o 
m e t r i c  o b s e r v a t i o n  o f  t h e  s u b j e c t s  w a s  made w i t h  t h e  a i d  o f  a t e s t -
s t a n d  (VU-3)' i n  a l i g h t - t i g h t  c h a m b e r .  The r o t a t i o n  w a s  r e g u l a t e d  
on  t h e  h o u r ,  b e g i n n i n g  w i t h  a n  a n g u l a r  a c c e l e r a t i o n  o f  3 - 5 0 / s e c 2 ,  
w h i c h  l a s t e d  u n t i l  t h e  g i v e n  a n g u l a r  v e l o c i t y  w a s  r e a c h e d .  A f t e r  
a p e r i o d  o f  u n i f o r m  r o t a t i o n  l a s t i n g  2 m i n ,  movement o f  t h e  s e a t  
w a s  s t o p p e d .  I n  e a c h  e x p e r i m e n t ,  t h e  r o t a t i o n  w a s  p r o d u c e d  t h r e e  
t i m e s ,  w i t h  v a r y i n g  a n g u l a r  v e l o c i t i e s  ( 9 0 ,  1 2 0 ,  a n d  1 8 0 ° / s e c . ) .  
The i n t e r v a l s  b e t w e e n  two  s u c c e s s i v e  r o t a t i o n s  w e r e  5 - 1 0  m i n .  l o n g .  

F o u r  s e r i e s  o f  o b s e r v a t i o n s ,  w i t h  v a r y i n g  p a r a m e t e r s  f o r  t h e  / 1 6 6  
s t i m u l a t i o n s ,  a r e  g i v e n  i n  t h e  T a b l e .  

V A L U E S  OF T H E  A N G U L A R  ACCELERATIONS A N D  TIMES F O R  T H E I R  A C T I O N  

.. - . -

S e r i e s ,  V a l u e  o f  t h e  Angu- T i m e  f o r  A c t i o n  P r o d u c e  o f  t h e  V a l u e  
Number '  l a r  A c c e l e r a t i o n ,  o f  t h e  A c c e l e r a - f o r  A n g u l a r  Accelfxatio n 

I 
I-1 600 8 0 0  1 2 0 0  0 . 1 5  9 0  

~-
1 2 0  1 8 0  

I1 , 600 800 1 2 0 0  0 . 1 5  9 0  1 2 0  1 8 0  

I11 45 60  90 2 . 0  9 0  1 2 0  1 8 0  

I V  I 1 5  
2 0  30 6 .O 90 1 2 0  1 8 0  

I O / s e c 2  t i o n ,  s e c .  W i t h i n  t h e  T i m e  o f  I t s  
A c t i o n  

S e r i e s  I o f  t h e  e x p e r i m e n t s  w a s  c o n d u c t e d  t w i c e ,  i n  o r d e r  t o  
show t h e  p o s s i b i l i t y  o f  r e p r o d u c i n g  t h e  r e s u l t s .  

The p u l s e  r a t e ,  t h e  r a t e  o f  r e s p i r a t i o n ,  a n d  maximum a r t e r i a l  
p r e s s u r e  w e r e  m e a s u r e d  1 0 - 1 2  t i m e s  b e f o r e  r o t a t i o n ,  and  t h r e e  t i m e s  
a f t e r  r o t a t i o n  ( w i t h  a n  i n t e r v a l  o f  20 s e c ) .  I t  w a s  c o n s i d e r e d  
t h a t  t h e  r e a c t i o n  t o o k  p l a c e  o n l y  when t h e  v a l u e  o f  t h e  c h a r a c t e r 
i s t i c ,  d u r i n g  a n y  o f  t h e  2 0 - s e c o n d  p e r i o d s  a f t e r  r o t a t i o n ,  d i f f e r e d  
f r o m  t h e  c o r r e s p o n d i n g  a v e r a g e d  v a l u e  b e f o r e  r o t a t i o n  by  more  t h a n  
1 . 9 6  o ( R  = 0 . 0 5 ) .  

I n  e a c h  s e r i e s ,  we e x a m i n e d  20-22  s u b j e c t s .  Some o f  t h e  s u b 
j e c t s  t o o k  p a r t  i n  a l l  4 s e r i e s  o f  t h e  e x p e r i m e n t s .  The t i m e  i n t e r 
v a l s  b e t w e e n  t h e  s e p a r a t e  s e r i e s  a v e r a g e d  f r o m  8 t o  26 d a y s .  

' M o d i f i c a t i o n  o f  t h e  VU-2 A p p a r a t u s  C 2 1 .  
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I n  a n a l y z i n g  t h e  m a t e r i a l s ,  w e  e s t a b l i s h e d  t h a t  i n  n o n e  of  t h e  
s e r i e s  f o r  t h e  e x p e r i m e n t s  d i d  t h e  number  o f  s u b j e c t s  f o r  whom t h e  
s h i f t s  i n  t h e  v e g e t a t i v e  c h a r a c t e r i s t i c s  were f o u n d  t o  b e  r e l i a b l e ,  
e x c e e d  4 7 . 6 - 5 0 %  ( F i g .  1). On t h e  w h o l e ,  c h a n g e s  i n  t h e  v e g e t a t i v e  
r e a c t i o n s  o c c u r r e d  m o s t  f r e q u e n t l y  i n  S e r i e s  I o f  t h e  e x p e r i m e n t s ,  
a n d  l e a s t  f r e q u e n t l y  i n  S e r i e s  I V .  The d i f f e r e n c e s  i n  t h e  r a t e  
o f  r e a c t i o n s  i n  S e r i e s  I1 a n d  I11 were i n s i g n i f i c a n t .  I n  a l l  c a s e s ,  
t h e r e  w a s  a d i f f e r e n c e  i n  t h e  r a t e  O f  a c h a n g e  i n  i n d i v i d u a l  
v e g e t a t i v e  c h a r a c t e r i s t i c s  d u r i n g  t h e  a c t i o n  o f  a g i v e n  s t i m u l u s .  
However ,  n o  l i m i t a t i o n  w h a t s o e v e r  i n  t h i s  r e l a t i o n s h i p  w a s  n o t e d  
a n y w h e r e  e x c e p t  i n  S e r i e s  I V ;  when t h e  p u l s e  c h a n g e d  m o s t  f r e q u e n t l y  
d u r i n g  t h e  a c t i o n  of  a n y  s t i m u l u s ,  t h e  r e s p i r a t i o n  c h a n g e d  somewhat  
l e s s  f r e q u e n t l y  a n d  t h e  a r t e r i a l  p r e s s u r e  c h a n g e d  e v e n  more i n f r e 
q u e n t l y .  I n  S e r i e s  I o f  t h e  e x p e r i m e n t s ,  t h e r e  w a s  a d i r e c t  r e l a 
t i o n s h i p  b e t w e e n  t h e  v a l u e  f o r  t h e  s t i m u l u s  i m p o s e d  a n d  t h e  r a t e  
o f  c a s e s  when t h e  r e s p i r a t i o n  c h a n g e d .  D u r i n g  r e p e a t e d  o b s e r v a t i o n  
( S e r i e s  I I ) ,  h o w e v e r ,  t h i s  d e p e n d e n c e  w a s  n o t  c o n f i r m e d .  A t  t h e  
same t i m e ,  a d i r e c t  r e l a t i o n s h i p  was f o u n d  i n  S e r i e s  I1 for t h e  
t o t a l  r a t e  of  c a s e s  when t h e  a r t e r i a l  p r e s s u r e  c h a n g e d .  
r e m a i n i n g  s e r i e s ,  w e  d i d  n o t  f i n d  a n y  d i r e c t  r e l a t i o n s h i p  b e t w e e n  
t h e  v a l u e  f o r  t h e  s t i m u l u s  a n d  t h e  r a t e  O f  cases  when t h e r e  
were  c h a n g e s  i n  t h e  v e g e t a t i v e  r e a c t i o n s .  

The r e a c t i o n s  o c c u r r i n g  i n  v a r i o u s  s u b j e c t s  h a d  v a r i o u s  d i r e c 
t i o n s .  However ,  i n  e a c h  i n d i v i d u a l  c a s e ,  o n c e  t h e  r e a c t i o n  a p p e a r e d ,  
i t  d i d  n o t  c h a n g e  i t s  d i r e c t i o n  (some /167 
s i n g l e  c a s e s ) ,  F i g u r e  2 shows t h e  r e l a t i v e  number o f  c a s e s  �or 
t h e  a p p e a r a n c e  o f  r e a c t i o n s  w i t h  o n e  or a n o t h e r  d i r e c t i o n  i n  t h e  
v a r i o u s  s e r i e s  o f  t h e  e x p e r i m e n t s .  We c a n  s e e  f r o m  t h e  f i g u r e  t h a t  
a p r e d o m i n a n c e  o f  c a s e s  when t h e  p u l s e  a n d  r e s p i r a t i o n  were s l o w e d  
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down a n d  t h e  a r t e r i a l  p r e s s u r e  w a s  i n c r e a s e d  w a s  g e n e r a l  f o r  a l l  
t h e  s e r i e s .  

I t  i s  c h a r a c t e r i s t i c  t h a t  t h e r e  w a s  n o  p a r a l l e l i s m  n o t e d  i n  
t h e  c h a n g e s  f o r  t h e  i n d i v i d u a l  v e g e t a t i v e  c h a r a c t e r i s t i c s  i n  t h e  
o v e r w h e l m i n g  m a j o r i t y  o f  c a s e s .  

A c c o r d i n g  t o  t h e  a n a m n e s i c  d a t a ,  o n e  g r o u p  o f  s u b j e c t s  ( 4 5 . 5 % )  
who t o o k  p a r t  i n  S e r i e s  I a n d  I1 o f  t h e  o b s e r v a t i o n s  h a d  e x p e r i e n c e d  
m o t i o n - s i c k n e s s .  The r e m a i n i n g  s u b j e c t s  h a d  n e v e r  e x p e r i e n c e d  symp
t o m s  o f  m o t i o n - s i c k n e s s  i n  t h e i r  e n t i r e  l i v e s .  T h e r e f o r e ,  w e  f o u n d  
i t  i n t e r e s t i n g  t o  c o m p a r e  t h e  r a t e  o f  v e g e t a t i v e  r e a c t i o n s  i n  
t h e  s u b j e c t s  b e l o n g i n g  t o  a n o t h e r  g r o u p .  I n  S e r i e s  I o f  t h e  e x p e r i 
m e n t s ,  t h o s e  s u b j e c t s  who h a d  n o t  s u f f e r e d  f r o m  m o t i o n - s i c k n e s s  
showed v e g e t a t i v e  r e a c t i o n s  w h i c h ,  c o n t r a r y  t o  a l l  e x p e c t a t i o n s ,  
a p p e a r e d  more  f r e q u e n t l y  t h a n  f o r  t h o s e  s u b j e c t s  who h a d  e x p e r i e n c e d  
m o t i o n - s i c k n e s s .  However ,  t h i s  d i f f e r e n c e  l e v e l e d  o u t  d u r i n g  r e 
p e a t e d  o b s e r v a t i o n .  I n  S e r i e s  I11 a n d  I V Y  t h e  number o f  s u b j e c t s  
who d i d  a n d  d i d  n o t  e x p e r i e n c e  m o t i o n - s i c k n e s s  w a s  4 a n d  1 6  ( S e r i e s  
I I I ) ,  a n d  4 a n d  1 7  ( S e r i e s  I V ) ,  r e s p e c t i v e l y .  T h e r e f o r e ,  i t  d i d  
n o t  seem p o s s i b l e  t o  o b t a i n  a c o m p a r a t i v e  e v a l u a t i o n  o f  t h e  

r a t e  o f  v e g e t a t i , v e  r e a c t i o n s . f o r  t h e  s u b j e c t s  i n  a n y  g r o u p .  

However ,  i t  s h o u l d  be  n o t e d  t h a t  n o n e  o f  t h e  s u b j e c t s ,  w h e t h e r  t h e y  /168 

h a d  3r h a d  n o t  e x p e r i e n c e d  m o t i o n - s i c k n e s s ,  f e l t  a n y  d i s a g r e e a b l e  

s e n s a t i o n s  i n  a n y  e x p e r i m e n t .  The o n l y  e x c e p t i o n  w a s  t h e  s u b j e c t  

V-yev,  i n  whom t h e r e  w a s  n o t e d  a m o d e r a t e  n a u s e a  l a s t i n  

min d u r i n g  t h e  f i r s t  o b s e r v a t i o n  ( s t i m u l u s  o f  1 2 0 0 ° / s e c  9 ) .abog:r;:g 
r e p e a t e d  o b s e r v a t i o n  f o r  3 6  d a y s ,  t h i s  s u b j e c t  d i d  n o t  n o t e  a n y  
d i s a g r e e a b l e  s e n s a t i o n s .  

I t  a l s o  seemed g e n e r a l  f o r  a l l  t h e  s e r i e s  o f  t h e  e x p e r i m e n t s ,  / 1 6 9  
t h a t  t h e  r e l i a b l e  c h a n g e s  i n  t h e  r e c o r d e d  c h a r a c t e r i s t i c s  w e r e  
f o u n d ,  i n  a n  o v e r w h e l m i n g  m a j o r i t y  o f  c a s e s ,  d u r i n g  t h e  f i r s t  20 
s e c  a f t e p  t h e  m o t i o n  o f  t h e  s e a t  w a s  s t o p p e d .  V e g e t a t i v e  r e a c t i o n s  
b e g a n  more i n f r e q u e n t l y  w i t h i n  a n o t h e r  2 0  s e c ,  a n d  e v e n  more i n 
f r e q u e n t l y  w i t h i n  t h e  t h i r d  2 0 - s e c o n d  p e r i o d .  

I n  t h e  e x p e r i m e n t s ,  we d i d  n o t  s u c c e e d  i n  e s t a b l i s h i n g  a n y  
r e l i a b l e  d i f f e r e n c e s  i n  t h e  v e g e t a t i v e  r e a c t i o n s  t o  s t i m u l i  o f  
v a r y i n g  s t r e n g t h .  The same w a s  t r u e  �or t h e  l e n g t h  o f  t i m e  o f  t h e  
r e a c t i o n s :  i t  d i d  n o t  d e p e n d  on  t h e  m a g n i t u d e  o f  t h e  e f f e c t .  

The f a c t  t h a t  w e ,  a s  w e l l  a s  a number o f  o t h e r  a u t h o r s  [ 6 ,  9 ,  
1 0 ,  1 3 - 1 7 ] ,  o b s e r v e d  a p r e d o m i n a n t  r e t a r d a t i o n  o f  t h e  p u l s e  a n d  
r e s p i r a t i o n  ( p a r a s y m p a t h e t i c  r e a c t i o n )  a n d  i n c r e a s e  i n  t h e  a r t e r i a l  
p r e s s u r e  ( s y m p a t h e t i c  r e a c t i o n )  i n d i c a t e s  t h e  p o s s i b i l i t y  f o r  
s i m u l t a n e o u s  e x c i t a t i o n  o f  b o t h  d i v i s i o n s  o f  t h e  v e g e t a t i v e  n e r v o u s  
s y s t e m  d u r i n g  v e s t i b u l a r  s t i m u l a t i o n .  However ,  s u c h  a d i s t r i b u t i o n  
o f  e x c i t a t i o n  i s  n o t  c o n s t a n t  a n d  r e g u l a r .  

The b r i e f  l a t e n t  p e r i o d ,  o b s e r v e d  i n  m o s t  c a s e s ,  i n d i c a t e s  
t h a t  t h e  r e a c t i o n s  o b s e r v e d  a r e  o f  d i r e c t  v e s t i b u l a r  o r i g i n ,  s i n c e ,  
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i n  o r d e r  t o  r e a l i z e  t h e  a v e r a g e  r e a c t i o n s  w h i c h  c a n  o c c u r  d u r i n g  
s u b s e q u e n t  e x c i t a t i o n  o f  t h e  v e g e t a t i v e  c e n t e r s ,  t h e  r e a c t i o n s  o f  
t h e  a d r e n a l  g l a n d s ,  t h e  h y p o p h y s i s ,  e t c . ,  wou ld  r e q u i r e  a l o n g e r  
p e r i o d  o f  t i m e  [ 3 1 .  A t  t h e  same t i m e ,  w e  d o  h a v e  r e a s o n  t o  a s sume  
t h a t  t h e  e x t r a l a b y r i n t h i n e  e f f e c t s  ( i n t e r o - a n d  
p u l s e s  c o r r e s p o n d i n g  t o  a s h a r p  t e r m i n a t i o n  of 
d i d  n o t  p l a y  a n  i m p o r t a n t  p a r t  i n  t h e  f o r m a t i o n  
o b s e r v e d .  T h i s  i s  a l s o  p r o v e n  by t h e  f a c t  t h a t  
b i l i t y  i n  t h e  d i f f e r e n c e s  b e t w e e n  t h e  m a g n i t u d e  

p r o p r i o c e p t i v e  i m 
t h e  s e a t ' s  movemen t )  

o f  t h e  r e a c t i o n s  
t h e r e  i s  n o  r e l i a 
a n d  t h e  l e n g t h  o f  

t i m e  o f  t h e  r e a c t i o n s  o c c u r r i n g  i n  S e r i e s  I o f  t h e  e x p e r i m e n t s  
( s h a r p  t e r m i n a t i o n  o f  t h e  s e a t ' s  movement )  a n d  i n  S e r i e s  I V Y  when 
t h e  s e a t ' s  movement w a s  s t o p p e d  s o  s m o o t h l y  t h a t  many of  t h e  s u b 
j e c t s  c o u l d  n o t  e v e n  d e t e r m i n e  p r e c i s e l y  when t h e  s e a t  s t o p p e d  
moving  c o m p l e t e l y .  

I t  i s  o f  n o t e  t h a t  t h e  m a g n i t u d e  a n d  t h e  l e n g t h  o f  t i m e  o f  t h e  
v e g e t a t i v e  r e a c t i o n s  d i d  n o t  d e p e n d  on t h e  m a g n i t u d e  o f  t h e  s t i m u l u s .  
T h i s  c a n  b e  e x p l a i n e d  by t h e  f a c t  t h a t  t h e  i n t e n s i t y  of  t h e  v e s t i b u 
l a r  s t i m u l a t i o n  w a s  d e t e r m i n e d ,  n o t  s o  much by i t s  a b s o l u t e  v a l u e ,  
a s  by t h e  p r o d u c t  of t h e  v a l u e  for t h e  a d e q u a t e  s t i m u l a t i o n  d u r i n g  
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t h e  t i m e  o f  i t s  a c t i o n .  I n  r e l a t i o n  t o  t h e  n y s t a g m u s  r e a c t i o n ,  
t h i s  w a s  a l s o  shown by  M u l d e r  [121, a n d  ( f o r  c e r t a i n  v e g e t a t i v e  
r e a c t i o n s )  by A . V .  L e b e d i n s k i y ,  Yu.G. G r i g o r ' y e v ,  R . M .  Lyubimova-
G e r a s i m o v ,  a n d  m y s e l f  [SI. For s u c h  a n  e v a l u a t i o n ,  t h e  s t i m u l i  i n  
a l l  t h e  s e r i e s  w e r e  e q u a l  i n  o u r  e x p e r i m e n t s .  

We s h o u l d  make p a r t i c u l a r  n o t e  o f  t h e  f a c t  t h a t ,  i n  a g i v e n  
s e r i e s  o f  e x p e r i m e n t s ,  w h e r e  o n l y  t h e  a b s o l u t e  v a l u e  f o r  t h e  s t i m u 
l u s  c h a n g e d  d u r i n g  t h e  f i x e d  t i m e  f o r  i t s  a c t i o n ,  t h e r e  were n o  
r e l i a b l e  d i f f e r e n c e s  o b s e r v e d  i n  t h e  i n t e n s i t y  o f  t h e  r e a c t i o n s .  
W e  c a n n o t  f i n d  a s u f f i c i e n t l y  c o n v i n c i n g  e x p l a n a t i o n  f o r  t h i s  f a c t .  
However ,  i t  i s  p e r m i s s i b l e  t o  a s s u m e  t h a t  t h e  g r a d i e n t  o f  d i f f e r 
e n t i a t i o n  i n  t h e  s t i m u l i  f o r  human v e g e t a t i v e  r e a c t i o n s  d u r i n g  
s t i m u l a t i o n  o f  t h e  s e m i c i r c u l a r  c a n a l s  w a s  f a i r l y  h i g h ,  a n d  e x 
c e e d e d  t h a t  w h i c h  w e  s e l e c t e d .  

The d i f f e r e n c e s  i n  t h e  r e s u l t s  o f  t h e  v a r i o u s  s e r i e s  m a i n l y  /170 
i n v o l v e  t h e  r a t e  o f  t h e  r e a c t i o n s .  T h e s e  d i f f e r e n c e s  a r e  n o t  
r e a l l y  l i n k e d  t o  a d e c r e a s e  i n  t h e  a n g u l a r  a c c e l e r a t i o n .  The d i f 
f e r e n c e  b e t w e e n  t h e  r e s u l t s  f o r  S e r i e s  I a n d  I1 c o n t r a d i c t  t h i s  
i d e a ,  b e c a u s e  t h e  a n g u l a r  a c c e l e r a t i o n s  i n  b o t h  s e r i e s  w e r e  i d e n t i 
c a l ,  a n d  t h e r e  was n o  e s s e n t i a l  d i f f e r e n c e  i n  t h e  r a t e  O f  r e 
a c t i o n s  f o r  S e r i e s  I1 a n d  I11 dhen  t h e  a n g u l a r  a c c e l e r a t i o n s  v a r i e d  
g r e a t l y .  T h e s e  d i f f e r e n c e s  i n  t h e  r a t e  o f  t h e  r e a c t i o n s  c a n  
b e  e x p l a i n e d  by t h e  a s s u m p t i o n  t h a t ,  i n  t h e  b i o l o g i c a l  s e n s e ,  t h e  
r e a c t i o n s  o b s e r v e d  w e r e  a v e g e t a t i v e  componen t  o f  a g e n e r a l  o r i e n t i n g  
a n d  e x a m i n i n g  r e a c t i o n  w h i c h  o c c u r r e d  a s  a r e s p o n s e  t o  e v e r y  new 
s t i m u l u s .  From t h i s  p o i n t  o f  v i e w ,  t h e  d e c r e a s e  i n  t h e  r a t e  
o f  r e a c t i o n s  d u r i n g  r e p e a t e d  s t u d i e s  r e p r e s e n t s  s u p p r e s s i o n  o f  t h e  
o r i e n t i n g  r e a c t i o n ,  w h i l e  t h e  d i f f e r e n c e s  i n  t h e  i n t e n s i t y  o f  t h e  
r e a c t i o n s  f o r  d i f f e r e n t  s u b j e c t s  r e p r e s e n t  t h e  a p p e a r a n c e  o f  i n d i v i d 
u a l  f e a t u r e s .  Such  a c o n c e p t  a l s o  e x p l a i n s  t h e  n e g a t i v e  r e s u l t  
o b t a i n e d  by P r e b e r  [13] i n  c o m p a r i n g  t h e  v e s t i b u l o v a s c u l a r  r e a c t i o n s  
i n  p i l o t s  who showed r e s i s t a n c e  d u r i n g  t r a i n i n g  f l i g h t s  a n d  p i l o t s  
who showed v i g o r o u s  v e g e t a t i v e  r e a c t i o n s  i n  t h i s  s i t u a t i o n .  

M o r e o v e r ,  t h e  o b s e r v e d  c o m p l e x  o f  r e a c t i o n s  d i d  n o t  c o m p l e t e l y  
c o r r e s p o n d  t o  t h e  f o r m a l  s i g n s  o f  a n  o r i e n t i n g  r e a c t i o n ,  a n d  t h u s  
h a d  a n  a s p e c t  o f  s p e c i f i c i t y .  I n  c o n t r a s t  t o  t h e  o r i e n t i n g  r e a c 
t i o n ,  f o r  w h i c h  ( i n  a d d i t i o n  t o  a n  i n c r e a s e  i n  t h e  a r t e r i a l  p r e s 
s u r e )  a n  i n c r e a s e  i n  t h e  p u l s e  r a t e  and  r e s p i r a t i o n  r a t e  i s  
a l s o  c h a r a c t e r i s t i c ,  t h e  r e a c t i o n s  o f  o u r  s u b j e c t s  w e r e  c h a r a c t e r 
i z e d  by  p r e d o m i n a n t  r e t a r d a t i o n  o f  t h e  p u l s e  and  r e s p i r a t i o n .  T h i s  
a l s o  d i f f e r s  f r o m  t h e  d e f e n s i v e  r e a c t i o n ,  w h i c h  u s u a l l y  o c c u r s  a t  
a h i g h  e n e r g y  l e v e l ,  w i t h  a n  i n c r e a s e  i n  t h e  r a t e  o f  t h e  p u l s e ,  
a n  i n c r e a s e  i n  t h e  i n s p i r a t i o n  t o n u s  o f  t h e  r e s p i r a t o r y  c e n t e r ,  
e t c .  We c a n  a s s u m e  t h a t  t h e  v e g e t a t i v e  r e a c t i o n s  w e  o b t a i n e d  a r e  
a n  i n t e g r a l  e f f e c t  o f  a n  i n t e r r e l a t i o n s h i p  b e t w e e n  t h e  v e g e t a t i v e  
c o m p o n e n t s  o f  t h e  v e s t i b u l a r  a n d  o r i e n t i n g  r e a c t i o n s .  

The f a c t  o f  n o n - c o n f o r m i t y  ( a s  w e  h a v e  shown)  i n  t h e  c h a r a c t e r  
o f  t h e  v e g e t a t i v e  r e a c t i o n s  a n d  t h e  a n a m n e s i c  d a t a  g i v e  u s  a b a s i s  
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f o r  stating that the nature of the change in the pulse rate, the 
rate of respiration, and the arterial pressure for the subjects 
during the action of short-period and single-directional accelera
tions in the range studied, is not related to the vestibular stability 
of the subject, and can hardly serve as its criterion. This sub
stantiates Preber’s opinion E131 that the vascular (and, according 
to o u r  data, not only the vascular, but also the respiration) re
actions under these stimulation conditions do not determine the 
sensitivity of the subject to rotational tests. However, this does 
not decrease the significance of these reactions as indicators of 
the depth of vegetative disorders during the cumulative effect of 
vestibular stimuli. 

We did not succeed in establishing the marginal values of the /171 
angular accelerations f o r  the vestibular-vegetative reactions in 
question. Apparently, in addition to the insufficiently wide range 
of stimuli, this could be linked with difficulty in separating the 
specific vestibular-vegetative reactions (;.e., the reactions which 
have a direct or indirect relationship to the vestibular function) 
from the general reaction of the organism to angular acceleration, 
including the vegetative components of the non-specific, orienting 
reactions. The latter, as we know, are very strong in man. In 
examining the quantitative relationships between the magnitude of 
the vestibular stimuli and the subjects’ vegetative reactions, we 
should consider this circumstance: the examinations must be con
ducted under the conditions of preliminary suppression of the 
orienting reaction. Moreover, we could use a wider range of stimu
lation, so that the rate of increase in the stimuli should be fairly 
steep. 

1. 

2. 


3 .  

4. 


5. 


6. 
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Ill Ill1 I I I I l l 1  I 

EFFERENT PULSES FROM THE VAGUS NERVE I N  INTACT ANIMALS AND I N  
ANIMALS WHOSE LABYRINTHS WERE REMOVED, DURING WEIGHTLESSNESS 

Ye.M. Yuganov a n d  V . V .  Aleshin  

ABSTRACT:  E f f e r e n t  impuZses from t h e  vagus  n e r v e  

were s t u d i e d  i n  i n t a c t  an ima l s  and animaZs whose 

l a b y r i n t h s  were removed, under  t h e  c o n d i t i o n s  o f  

s h o r t - p e r i o d  w e i g h t Z e s s n e s s .  I t  was f o u n d  t h a t  

i n  t h e  i n t a c t  animaZs t h e  puZse r a t e  d e c r e a s e s ;  

t h i s  e f f e c t  becomes i n t e n s i f i e d  d u r i n g  t h e  cumu-

Z a t i v e  e f f e c t  of w e i g h t l e s s n e s s .  I n  r a b b i t s  

whose Z a b y r i n t h s  were removed, t h e  c h a r a c t e r  of 

t h e  p u l s e s  remains  p r a c t i c a Z  l y  unchanged. The 

d a t a  o b t a i n e d  show t h e  i n t e r m e d i a r y  mechanisms 

for t h e  appearance o f  v e s t i b u Z a r  d i s o r d e r s ,  and 

t h e y  can be used  f o r  s t u d y i n g  t h e  probZem of 

s p a c e - s i c k n e s s .  


Having examined the problem on the physiological mechanisms / 1 7 2  
of "space-sickness", some authors link its appearance with a break
down in the functional operation of the analyzer, as a consequence 
of the termination of the effect of the force of gravity [ 3 ] ;  others 
relate it to increased excitability of the receptor formations for 
the semicircular canals, as a result of a weakening of the retarding 
effects on the part of the otolith apparatus [l, 7 1 ,  while a third 
group links it to the possibility of a specific effect of weight
lessness on the otolith apparatus [ 8 1 .  

Naturally, all of the above-mentioned concepts lie within the 

framework of assumptions, since we are still studying the problem 

of the character and degree of stimulation for the otolith apparatus 

during weightlessness and are still attempting to clarify the 

validity of the physiological theory of the removal of the laby

rinths, or the specificity of stimulation of the vestibular analyzer 

under these conditions. The problem of the particular features 

concerning the function of the vestibular analyzer during weight

lessness could be solved by direct studies of the electric activity 

of the analyzer at its various levels. Unfortunately, this is still 

impossible at the present. 


In order to study the intermediary mechanisms determining the 

appearance of vestibular-vegetative reactions, and in order to deter

mine the particular features of the excitability of the vestibular 

analyzer during weightlessness, we conducted studies (in 1961

1962) of the bioelectric activity of the vagus nerve in intact 

animals and animals whose labyrinths were removed. W e  are assuming 
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t h a t  t h e  m a t e r i a l s  o b t a i n e d  c o u l d  l e a d  t o  a n  u n d e r s t a n d i n g  o f  t h e  

c a u s e s  w h i c h  d e t e r m i n e  t h e  a p p e a r a n c e  of  d i s a g r e e a b l e  v e s t i b u l a r - 

v e g e t a t i v e  r e a c t i o n s ,  a n d  c o u l d  p o s s i b l y  a i d  i n  d e v e l o p i n g  p r o p h y  

l a c t i c  m e a s u r e s .  W e i g h t l e s s n e s s  w a s  r e p r o d u c e d  d u r i n g  p a r a b o l i c  

f l i g h t  o f  a n  a i r c r a f t ,  a n d  t h e  d u r a t i o n  of  t h e  w e i g h t l e s s n e s s  w a s  

e q u a l  t o  25-30 s e c .  I n  o r d e r  t o  s o l v e  t h e  p r o b l e m  p r e s e n t e d  b y  

M . D .  Y e m e l ' y a n o v  a n d  V . V .  A l e s h i n ,  w e  d e v e l o p e d  a s p e c i a l  m e t h o d  

f o r  c o m p l e t e  s u r g i c a l  d i s c o n n e c t i o n  of p e r i p h e r a l  s e c t i o n s  o f  t h e  

v e s t i b u l a r  a p p a r a t u s  by a d m i n i s t e r i n g  a 1 . 5 %  s o l u t i o n  o f  i o d o a c e t i c  

a c i d  t o  t h e  t y m p a n i c  c a v i t y .  M o n o i o d o a c e t i c  a c i d  b e l o n g s  t o  a 

g r o u p  o f  t h i o c o l  p o i s o n s  w h i c h  r e a c t  w i t h  s u l f o h y d r y l  g r o u p s  o f  t h e  

g l y c o l y t i c  e n z y m a t i c  s y s t e m ,  s u p p r e s s  g l y c o l y s i s ,  a n d  d i s t u r b  t h e  

p r o c e s s  o f  c e l l u l a r  r e s p i r a t i o n  i n  t h i s  c a s e  C2, 4 ,  5 ,  6 1 .  H i s t o  

m o r p h o l o g i c a l  e x a m i n a t i o n s  of t h e  t e m p o r a l  b o n e s  i n  a n i m a l s  who 

h a v e  h a d  t h e i r  l a b y r i n t h s  r e m o v e d  b y  t h i s  m e t h o d  showed t h e  100%- / 1 7 3 

r e l i a b i l i t y  o f  d i s c o n n e c t i n g  t h e  v e s t i b u l a r  a p p a r a t u s  b y  a d m i n i s  

t e r i n g  m o n o i o d o a c e t i c  a c i d .  


The b i o e l e c t r i c  a c t i v i t y  o f  t h e  v a g u s  n e r v e  a f t e r  d i s t a l  t r a n s  

v e r s e  s e c t i o n  w a s  r e c o r d e d  f r o m  t h e  c e n t r a l  s e g m e n t  o f  t h e  n e r v e  

i n  t h e  c e r v i c a l  a r e a  o f  a n i m a l s  a n e s t h e t i z e d  w i t h  b a r b a n y l  ( 1 2  mg/ 

k g ) .  U n t i l  now, s i m i l a r  e x a m i n a t i o n s  w e r e  c o n d u c t e d  o n l y  u n d e r  

l a b o r a t o r y  c o n d i t i o n s ;  we p e r f e c t e d  t h e  m e t h o d o l o g i c a l  means  w h i c h  

g u a r a n t e e  r e a l i z a t i o n  o f  s i m i l a r  e x p e r i m e n t s  d u r i n g  f l i g h t .  I n  

p a r t i c u l a r ,  w e  d e s i g n e d  a s p e c i a l  d a t a  u n i t ,  w h i c h  d i f f e r e d  f r o m  

t h e  T a s a k i  e l e c t r o d e s  g e n e r a l l y  u s e d  f o r  s u c h  p u r p o s e s  i n  i t s  l i g h t  

n e s s ,  s m a l l  s i z e ,  a i r - t i g h t n e s s ,  a n d  r e l i a b l e  f i x a t i o n  i n  a n i m a l  

t i s s u e .  


The b i o l o g i c a l  c u r r e n t s  o f  t h e  v a g u s  n e r v e  w e r e  r e c o r d e d  w i t h  

t h e  a i d  of a l o o p  o s c i l l o g r a p h  a n d  a n  o n - b o a r d  e l e c t r o n i c  p h y s i o  

l o g i c a l  d e v i c e  w i t h  s e n s i t i v i t y  o f  1 0 0  p V .  The p o t e n t i a l s  were  

r e c o r d e d  f r o m  t h e  e n t i r e  n e r v e ,  a n d  n o t  f r o m  i t s  i n d i v i d u a l  f i b e r s .  

T h e r e f o r e ,  d u r i n g  a s u b s e q u e n t  a n a l y s i s  o f  t h e  d a t a ,  w e  o b t a i n e d  


r e s u l t s  o n l y  f o r  t h e  r a t e  c h a r a c t e r i s t i c  of  t h e  i m p u l s e s .  We c o n  

d u c t e d  3 6  e x p e r i m e n t s  i n  a l l .  


The r e s u l t s  o f  t h e  s t u d i e s  showed t h a t  t h e r e  a r e  e s s e n t i a l  

c h a n g e s  i n  t h e  e l e c t r i c  a c t i v i t y  o f  a n  a n i m a l ' s  v a g u s  n e r v e  d u r i n g  

s e p a r a t e  f l i g h t  s e q m e n t s .  The  r a t e  of  p o t e n t i a l s  for t h e  n e r v e  i n  

i n t a c t  r a b b i t s ,  d u r i n g  t h e  a c t i o n  o f  a n  a c c e l e r a t i o n  w i t h  a v a l u e  

up  t o  2 u n i t s ,  d i d  n o t  c h a n g e  s u b s t a n t i a l l y ,  i n  c o m p a r i s o n  w i t h  


t h e  r a t e  i n  h o r i z o n t a l  f l i g h t .  Under  t h e  c o n d i t i o n s  o f  w e i g h t l e s s  

n e s s ,  t h e r e  w a s  a v e r y  p r o n o u n c e d  s u p p r e s s i o n  o f  n e r v e  i m p u l s e s ;  

i n  a h o r i z o n t a l  f l i g h t  w i t h  70-120 i m p / s e c ,  t h e  r a t e  o f  t h e  p o t e n t  

i a l s  d u r i n g  w e i g h t l e s s n e s s  u s u a l l y  d e c r e a s e d  b y  4 0 - 7 0 .  F i g u r e  1 

s h o w s  t h e  e l e c t r i c  a c t i v i t y  o f  t h e  v a g u s  n e r v e  i n  h o r i z o n t a l  f l i g h t ,  

d u r i n g  t h e  a c t i o n  o f  a c c e l e r a t i o n  a n d  d u r i n g  a p e r i o d  o f  w e i g h t  

l e s s n e s s .  


The s u p p r e s s i o n  o f  t h e  e l e c t r i c  a c t i v i t y  o f  t h e  v a g u s  n e r v e  

d u r i n g  w e i g h t l e s s n e s s  r e f l e c t s  t h e  c h a r a c t e r  o f  t h e  n e r v e  p r o c e s s e s  
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in the vegetative centers, caused primarily by the particular 

features of the stimulation of all the analyzer systems under these 

conditions. According to the experiments, we established the fact 

that ,in contrast to a single action, a repeated (up to six times) 

action of weightlessness during one flight causes greater changes 

in the electric activity of the vagus nerve. These changes occa

sionally conform to a picture of bioelectric silence (Fig. 1). The 

effect of suppression of the electric activity of the nerve during 

the third period of weightlessness is very clearly noticeable in 

the figure, in comparison with the first. If we assume that the 

phenomena observed are related to the cumulative action of a stimu

lus (while weightlessness, just as any other stimulus, has a cumula

tive property) then it is possible to assume hypothetically that 

the integration of the nerve processes in the cortical-subcortical 

formations (occurring in this case) can be the cause for the appear

ance of the symptoms of "space-sickness". We have not excluded the 

possibility that, together with other moments, these conditions 


a 

I1 I f-85 Hz 

b 


/174 


-'secF
I "' 

C 


Fig. 1. Bioelectric Activity of the Vagus Nerve f r n Inta t 

Rabbit in Horizontal Flight, during the Action of an Acceleration, , 
and During Cumulative Effect of Weightlessness. (a) Horizontal 
Flight; (b) Acceleration; (c) Weightlessness, First Vertical Climb; 
(d) Weightlessness, Second Vertical Climb. 
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also determine the picture of the vestibular discomfort observed 

aboard space flights. 


In order to determine the individual role and significance of 

the function of the vestibular analyzer during a change in the 

electric activity of the vagus nerve as a reaction to weightless

ness, we conducted control studies on animals whose labyrinths were 

removed. 


The corresponding experiments showed that the rate of the /175 

bioelectric potentials from the vagus nerve in rabbits whose laby

rinths were removed did not change substantially under these condi

tions. During horizontal flight, it was equal to 56-70 imp/sec, 

and during weightlessness, it was equal to 65-80 (Fig. 2). This 

allowed us to consider that the suppression of the electric activity 

for the vagus nerve, during the change in the functions of the 

complex of analyzer systems during weightlessness, is determined 

primarily by the stimulation of the vestibular analyzer. The elec

trophysiological studies conducted allow us to conclude that: 


(1) A single period of weightlessness lasting 25-30 sec 

causes (in the intact animals) a decrease in the rate of impulsa

tion for the vagus nerve (cervical section), which becomes intensified 


I IJ. 1 f-70 HZ 

I s  ec I_I 

I I 
f-65 Hz 

-
I -

I I 

Fig. 2. Bioelectric Activity of the Vagus Nerve in a Rabbit whose 

Labyrinths were Removed, during Horizontal Flight, and with a Cumu

lative Effect of Weightlessness. The Symbols are the Same as in 


Figure 1. 


183 




during the cumulative action of this stimulus. 


(2) Single and repeated periods of Weightlessness lasting the /176 

same length of time practically does not change the character of 

the bioelectric activity of the vagus nerve in animals whose laby

rinths have been removed. The data obtained indicate the particular 

features of the function of the vestibular analyzer during weight

lessness, show the possible intermediary mechanisms in the appear

ance of vestibular-vegetative disorders under these conditions, and 

can be used for studying the problem of space-sickness. 
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THE PROBLEM OF THE INTERRELATIONSHIP BETWEEN THE FUNCTION OF 
THE SEMICIRCULAR CANALS AND THAT OF THE OTOLITH APPARATUS 

S . S .  Markaryan  

ABSTRACT:  The degree  of nystagmus was s t u d i e d  
i n  9 s u b j e c t s  d u r i n g  a c c e Z e r a t i o n  i n  t h e  head 
r e g i o n  ( 0 . 5  and 1 . 0  u n i t s ) .  The d a t a  o b t a i n e d  
showed t h a t  s t i m u Z a t i o n  of t h e  o t o Z i t h  appara tus
d u r i n g  t h e  a c t i o n  o f  acce Z e r a t i o n s ,  p a r t i e u -
ZarZy p o s i t i v e  o n e s ,  a c t i v a t e s  t h e  amount of 
i n d i c a t o r s  of v e s t i b u Z a r  nys tagmus .  During t h e  
a c t i o n  of t h e  a c c e Z e r a t i o n s ,  t h e  s u b j e c t s '
s e n s a t i o n s  of t h e i r  p o s i t i o n  r e Z a t i v e  t o  t h e  
a x i s  of r o t a t i o n  changed.  

I t  i s  w e l l  known t h a t  i n  a number o f  c a s e s  s t i m u l a t i o n  o f  t h e  / 1 7 6  
o t o l i t h s  h a s  a r e t a r d i n g  e f f e c t  on  t h e  d e g r e e  o f  c e r t a i n  r e a c t i o n s  
on t h e  p a r t  o f  t h e  s e m i c i r c u l a r  c a n d l s .  

I n  e x p e r i m e n t s  w i t h  c a t s ,  K.L. K h i l o v  E 4 1  e s t a b l i s h e d  t h e  f a c t  
t h a t  t h e  d u r a t i o n  o f  n y s t a g m u s  d e c r e a s e s  if t h e  p o s i t i o n  o f  t h e  
a n i m a l ' s  h e a d  i s  c h a n g e d  i m m e d i a t e l y  a f t e r  r o t a t i o n .  A d e c r e a s e  i n  
t h e  d u r a t i o n  o f  n y s t a g m u s  w a s  a l s o  n o t e d  i n  e x p e r i m e n t s  w i t h  human 
s u b j e c t s  u n d e r  t h e s e  c o n d i t i o n s  [ S I .  L a t e r ,  A . P .  Popov [ S I ,  a t 
t e m p t i n g  t o  show t h e  r e t a r d i n g  e f f e c t  o f  s t i m u l a t i o n  o f  t h e  o t o l i t h  
a p p a r a t u s  w i t h  r e s p e c t  t o  a n y s t a g m i c  r e a c t i o n ,  o b s e r v e d  t h e  r e 
a c t i o n s  o f  human s u b j e c t s  e x p o s e d  t o  c e n t r i f u g a l  f o r c e s .  H e  ob
s e r v e d  s h o r t e r  p e r i o d s  o f  n y s t a g m u s  i n  t h o s e  s u b j e c t s  whose h e a d s  /177 
w e r e  l o c a t e d  i n  t h e  p e r i p h e r y  o f  t h e  c e n t r i f u g e ,  i n  c o m p a r i s o n  w i t h  
t h e  c a s e  when t h e  s u b j e c t ' s  h e a d  w a s  c l o s e r  t o  t h e  c e n t e r .  T h e s e  
d a t a  w e r e  c o n f i r m e d  l a t e r  by T.U. B a k h v a l o v a  i n  e x p e r i m e n t s  on  
c a t s  [l]. She n o t e d  t h a t  a n  i n c r e a s e  i n  t h e  c e n t r i f u g a l  f o r c e  i s  
a c c o m p a n i e d  by s h o r t e r  p e r i o d s  o f  n y s t a g m u s .  C o n t r a s t i n g  d a t a  were  
o b t a i n e d  by Ye.M. Yuganov i n  e x p e r i m e n t s  on  human s u b j e c t s  d u r i n g  
t h e  a c t i o n  o f  a c c e l e r a t i o n s  i n  t h e  d i r e c t i o n  " h e a d - f e e t ' '  [ S I .  
By t h e s e  s t u d i e s ,  w e  f o u n d  t h a t ,  d u r i n g  t h e  a c t i o n  o f  a c c e l 
e r a t i o n s  w h i c h  a r e  c o n s t a n t  i n  v a l u e ,  t h e  l e n g t h  o f  t i m e  f o r  c a l o r i c  
n y s t a g m u s  i n c r e a s e d  s i g n i f i c a n t l y  f o r  a l l  t h e  s u b j e c t s  i n  c o m p a r i 
s o n  w i t h  t h e  o r i g i n a l  v a l u e  ( b y  1 . 5 - 3  t i m e s ) ,  w h i l e  t h e  l a t e n t  
p e r i o d  s h o r t e n e d  s u b s t a n t i a l l y .  

The p u r p o s e  of t h i s  a r t i c l e  i s  t o  c l a r i f y  t h e  p a r t i c u l a r  
f e a t u r e s  o f  t h e  e f f e c t  of  s t i m u l a t i o n  o f  t h e  o t o l i t h  a p p a r a t u s  o n  
t h e  a p p e a r a n c e  o f  n y s t a g m i c  a n d  s e n s o r y  r e a c t i o n s  i n  man d u r i n g  
a c c e l e r a t i o n  i n  d i f f e r e n t  d i r e c t i o n s .  

I n  S e r i e s  I o f  t h e  t e s t s ,  w e  s t u d i e d  t h e  e f f e c t  o f  a n g u l a r  
a n d  r a d i a l  a c c e l e r a t i o n s  w i t h  t h e  s u b j e c t  l y i n g  on  h i s  b a c k .  I n  
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S e r i e s  11, w e  s t u d i e d  t h e  e f f e c t  of t h e  same a c t i o n s  w i t h  t h e  s u b 
j e c t s  on  t h e i r  s i d e s .  I n  S e r i e s  I a n d  11, w e  c o n d u c t e d  t h e  t e s t s  

b 

d 

f 
e 

F i g .  1. S c h e m a t i c  Diagram o f  t h e  S u b j e c t s ' ' P o s i t i o n  d u r i n g  R o t a t i o n .  

a c c o r d i n g  t o  t h r e e  v a r i a t i o n s .  I n  t h e  f i r s t  v a r i a t i o n ,  w e  t o o k  t h e  
o r i g i n a l  p o s i t i o n  f o r  t h e  s u b j e c t  a s  t h e  o n e  w h e r e  t h e  a x i s  o f  /178 
r o t a t i o n  p a s s e d  t h r o u g h  t h e  h e a d  r e g i o n .  The a c c e l e r a t i o n  i n  t h e  
r e g i o n  o f  t h e  h e a d  was e q u a l  t o  0 u n i t s  i n  t h i s  c a s e .  I n  t h e  s e c o n d  
v a r i a t i o n ,  t h e  v a l u e  of t h e  a c c e l e r a t i o n  w a s  p o s i t i v e ,  a n d  a b o u t  
0 . 5  a n d  1 . 0  u n i t s  i n  t h e  h e a d  r e g i o n .  F i n a l l y ,  i n  t h e  t h i r d  v a r i 
a t i o n ,  t h e  v a l u e  of t h e  a c c e l e r a t i o n  w a s  n e g a t i v e ,  a l s o  0 . 5  a n d  
1 . 0  u n i t s  i n  t h e  r e g i o n  o f  t h e  h e a d .  The v e l o c i t y  o f  t h e  r o t a t i o n  
a n d  d e c e l e r a t i o n  o f  t h e  s e a t  w a s  f i x e d  f o r  3 s e c .  The a n g u l a r  
a c c e l e r a t i o n  i n  t h i s  ca se  r e a c h e d  6 0  a n d  9 0 ° / s e c 2 .  The v e l o c i t y  o f  
r o t a t i o n  o f  t h e  s e a t  w a s  e q u a l  t o  1 8 0  a n d  2 4 0 ° / s e c  ( F i g .  1). 

N i n e  h e a l t h y  men,  r a n g i n g  f r o m  2 0  t o  23 y e a r s  o f  a g e ,  w e r e  
s u b j e c t e d  t o  t h e s e  e f f e c t s .  N i n e t y  t e s t s  w e r e  c o n d u c t e d .  

I n  e a c h  e x a m i n a t i o n ,  t h e  n y s t a g m u s  w a s  r e c o r d e d  on a n  e l e c t r o 
e n c e p h a l o g r a p h .  The r e c o r d i n g s  w e r e  made by d i r e c t  o b s e r v a t i o n  o f  
t h e  s u b j e c t s ,  whose e y e s  were c l o s e d .  One p a i r  o f  e l e c t r o d e s  w a s  
p l a c e d  a t  t h e  o u t e r  c o r n e r s  o f  t h e  e y e s ,  a n d  t h e  o t h e r  p a i r  w a s  
f i x e d  a t  t h e  u p p e r  a n d  l o w e r  e n d s  o f  t h e  o r b i t  s o  t h a t  a l i n e  drawn 
v e r t i c a l l y  b e t w e e n  t h e  u p p e r  a n d  l o w e r  e l e c t r o d e s  would  p a s s  t h r o u g h  
t h e  c e n t e r  o f  t h e  p u p i l  ( t h e  p u p i l s  b e i n g  i n  a m i d d l e  p o s i t i o n ) .  
The c u r v e s  p r o v i d e d  f o r  d e t e r m i n i n g  t h e  l e n g t h  o f  t i m e  f o r  t h e  
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n y s t a g m u s  i n  e a c h  c a s e ,  t h e  t o t a l  number  of n y s t a g m i c  w a v e s ,  a n d  
t h e i r  a m p l i t u d e .  The s u b j e c t s '  g e n e r a l  c o n d i t i o n  d u r i n g  t h e  a c t i o n  
of t h e  a c c e l e r a t f o h s  w a s  d e t e r m i n e d  b y  t h e i r  v o c a l  e v a l u a t i o n s .  
The s t u d i e s  were c o n d u c t e d  o n  a u n i v e r s a l  r o t a t i n g  t e s t - s t a n d  [ 2 ] .  

The r e s u l t s  o f  t h e  e x a m i n a t i o n s  showed t h a t  a l l  t h e  s u b j e c t s  
who were L y i n g  on t h e i r  b a c k s  or s i d e s  ( d u r i n g  t h e  a c t i o n  of a 
p o s i t i v e  a c c e l e r a t i o n )  f e l t  h e a v i n e s s  i n  t h e i r  l e g s .  The  s u b j e c t s  
m a i n t a i n e d  t h a t  d u r i n g  t h e  r o t a t i o n  " t h e r e  w a s  a s e n s a t i o n  o f  
f a l l i n g  down, w i t h  t h e  f e e t  l o w e r e d  a n d  t h e  h e a d  l i f t e d  up'.. With 
an  i n c r e a s e  i n  t h e  a c c e l e r a t i o n ,  t h e s e  s e n s a t i o n s  were  i n t e n s i f i e d .  

I n  t h e  t e s t s  d e a l i n g  w i t h  t h e  e f f e c t  o f  a n e g a t i v e  a c c e l e 
r a t i o n ,  t h e  s u b j e c t s  h a d  q u i t e  a d i f f e r e n t  i m p r e s s i o n :  i t  seemed 
t o  t h e m  t h a t  t h e y  w e r e  r o t a t i n g  w i t h  t h e i r  h e a d s  t i l t e d  b a c k w a r d  
a n d  downward.  I n  t h o s e  c a s e s  when t h e  s u b j e c t s  u n d e r w e n t  r o t a t i o n  
l y i n g  on t h e i r  s i d e s ,  t h e  i l l u s o r y  s e n s a t i o n s  o f  e l e v a t i o n  of t h e  
h e a d  a n d  l o w e r i n g  o f  t h e  f e e t ,  a s  w e l l  a s  t h e  h e a d  moving  b a c k w a r d  
a n d  downward,  w e r e  somewhat  more  i n t e n s e  t h a n  t h e  s e n s a t i o n s  f e l t  
d u r i n g  r o t a t i o n  when l y i n g  on  t h e i r  b a c k s .  

The n y s t a g m i c  r e a c t i o n  a p p e a r e d  i n  a l l  c a s e s  for a l l  s u b j e c t s ,  
r e g a r d l e s s  o f  t h e i r  p o s i t i o n  i n  r e l a t i o n  t o  t h e  a x i s  o f  r o t a t i o n ,  
or t h e  d i r e c t i o n  or m a g n i t u d e  o f  t h e  a c c e l e r a t i o n  i m p o s e d .  W i t h  
a n  i n c r e a s e  i n  t h e  v a l u e  o f  t h e  a n g u l a r  a c c e l e r a t i o n  a n d  t h e  a c c e l e 
r a t i o n  a c t i n g  on t h e  h e a d ,  t h e  n y s t a g m i c  r e a c t i o n  w a s  i n t e n s i f i e d .  

I n  t h e  s u b j e c t s  who r o t a t e d  l y i n g  on  t h e i r  s i d e s ,  t h e r e  w a s  
a s i g n i f i c a n t  i n c r e a s e  i n  t h e  n y s t a g m u s .  I n  t h e s e  t e s t s ,  t h e  
n y s t a g m u s  a p p e a r e d  t o  b e  more  i n t e n s e  i n  t e r m s  o f  a m p l i t u d e ,  f r e 
q u e n c y  a n d  d u r a t i o n  t h a n  t h e  n y s t a g m u s  o b s e r v e d  when t h e  s u b j e c t s  /179 
r o t a t e d  l y i n g  on t h e i r  b a c k s .  

NYSTAGMUS F O R  VARIOUS VALUES OF A N G U L A R  A C C E L E R A T I O N  A N D  ACCELE
R A T I O N  D E P E N D I N G  O N  T H E  SUBJECT'S POSITION I N  R E L A T I O N  T O  T H E  AXIS 

OF R O T A T I O N  ( P - o v ) .  (DURATION = 3 SEC). 
.-- . - .-. - .  -_ _. 

S u b j e c t ' s  P o s i t i o n  d u r i n g  
R o t a t i o n ,  a n d  D i r e c t i o n  o f  

4 c c e l e r a t i o n  
i n  t h e  Head 

M a g n i t u d e  
o f  

t h e  A c c e l e r a t i o n_- -.- --___- - Region-,  -u&E ~~~~Nystagmus  
On B a c k , A x i s  of R o t a t i o n  
P a s s i n g  T h r o u g h  t h e  Head Region 6 0  0 17( 6 3 ) :* 
On B a c k ,  A x i s  o f .  R o t a t i o n  
P a s s i n g  O u t s i d e  o f  t h e  S u b j .  
Body,  P o s i t i v e  A c c e l e r a t i o n  
i n  t h e  D i r e c t i o n  ffHead-Feet" 60 0 . 5  2 2 ( 6 7 )  
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On B a c k ,  A x i s  o f  R o t a t i o n  
P a s s i n g  T h r o u g h  t h e  S u b j .  
N e g a t i v e  A c c e l e r a t i o n  i n  
D i r e c t i o n  " C h e s t  -Head" 

On S i d e ,  A x i s  o f  R o t a t i o n  
Passing Throughthe Head R e g i o n  

On S i d e ,  A x i s  o f  R o t a t i o n  
P a s s i n g  O u t s i d e  t h e  S u b j .  
P o s i t i v e  A c c e l e r a t i o n  i n  
D i r e c t i o n  " H e  a d - F e  e t 

Same 

Body, 
t h e  

6 0  0 . 5  

60  0 

Body, 
t h e  

6 0  0 . 5  2 0 ( 6 3 )  

9 0  1 . 0  4 1 ( 9 4 )  
On S i d e ,  A x i s  o f  R o t a t i o n ,  

P a s s i n g  T h r o u g h  t h e  S u b j .  Bodx 

N e g a t i v e  A c c e l e r a t i o n  i n  t h e  

i 
I 


D i r e  c t ion "C h e  st -H e  a d  'I . 60 0 . 5  1 7 ( 6 1 )  


Same 1/ 90 1 1.0 i 2 4 ( 8 3 )  

9CThe n u m b e r s  i n  f r o n t  o f  t h e  p a r e n t h e s e s  show t h e  d u r a t i o n  
o f  t h e  n y s t a g m u s  ( i n  s e c ) ,  a n d  t h e  n u m b e r s  i n  t h e  p a r e n t h e s e s  show 
t h e  number  o f  n y s t a g m i c  waves  i n  t h a t  t i m e .  

L e t  u s  p r e s e n t  t h e  d a t a  for t h e  n y s t a g m i c  r e a c t i o n  o'f t h e  
s u b j e c t  P-ov ( T a b l e  1, F i g .  2 )  a s  a n  e x a m p l e  o f  t h e  amount  o f  
n y s t a g m u s  i n  r e l a t i o n  t o  t h e  a n g u l a r  a c c e l e r a t i o n s  a n d  a c c e l 
e r a t i o n s  i n  t h e  h e a d  r e g i o n ,  a n d  a l s o  i n  r e l a t i o n  t o  t h e  s u b j e c t ' s  
p o s i t i o n  r e l a t i v e  t o  t h e  a x i s  o f  r o t a t i o n .  

A s  w e  c a n  s e e  f r o m  F i g u r e  2 a n d  t h e  r e s u l t s  g i v e n  i n  t h e  T a b l e ,  
f o r  a g i v e n  v a l u e  o f  a n g u l a r  a c c e l e r a t i o n  ( 6 0 ° / s e c ) ,  t h e  i n t e n s i t y  
o f  t h e  n y s t a g m u s  i n c r e a s e s  i n  a m p l i t u d e ,  r a t e ,  a n d  d u r a t i o n  
d u r i n g  t h e  a c t i o n  o f  a p o s i t i v e  a c c e l e r a t i o n  w i t h  a v a l u e  o f  0 . 5  
u n i t s .  I t  i n c r e a s e s  i n  c o m p a r i s o n  t o  t h e  o r i g i n a l  v a l u e s  f o r  t h e  
c h a r a c t e r i s t i c s  o f  t h e  n y s t a g m i c  r e a c t i o n  o c c u r r i n g  d u r i n g  a c c e l 
e r a t i n n s  ( e q u a l  t o  0 i n  t h e  h e a d  r e g i o n ) .  D u r i n g  t h e  a c t i o n  o f  a 
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n e g a t i v e  a c c e l e r a t i o n  o f  0 . 5  u n i t s  o n  a s u b j e c t  i n  t h e  d i r e c t i o n  
f f c h e s t - h e a d f l ,  t h e r e  w a s  a t e n d e n c y  for t h e  i n t e n s i t y  o f  t h e  n y s t a g 
mus t o  d e c r e a s e .  However ,  w i t h  a n  i n c r e a s e  i n  t h e  a c c e l e r a t i o n  
up  t o  1 u n i t ,  t h e  i n t e n s i t y  o f  t h e  n y s t a g m i c  r e a c t i o n  i n c r e a s e d  i n  
a m p l i t u d e  a n d  l e n g t h - o f  t i m e ,  p a r t i c u l a r l y  d u r i n g  a n  a c c e l e r a t i o n  /180 
i n  t h e  d i r e c t i o n  " h e a d - f e e t "  ( F i g .  2 ,  V I ,  V I I I ) .  S i m i l a r  r e s u l t s  
were a l s o  o b s e r v e d  f o r  t h e  o t h e r  s u b j e c t s .  The d a t a  p r e s e n t e d  s u b 
s t a n t i a t e d  t h e  r e s u l t s  o f  Y u g a n o v ' s  o b s e r v a t i o n s .  

F i g .  2 .  Nys tagmus  ( P - o v )  d u r i n g  t h e  A c t i o n  o f  P o s i t i v e  A n g u l a r  
A c c e l e r a t i o n s  o f  6 0  a n d  9 O 0 / s e c 2  a n d  A c c e l e r a t i o n s  o f  0 ,  0 . 5 ,  a n d  
1 u n i t s  i n  t h e  Head R e g i o n ,  f o r  3 m i n .  ( a )  N y s t a g m u s ;  ( b )  E f f e c t  
o f  a n  A c c e l e r a t i o n ;  ( I )  P o s i t i o n  o n  B a c k ,  A c c e l e r a t i o n  o f  0 u n i t s ;  
(11) Same,  P o s i t i v e  A c c e l e r a t i o n  o f  0 . 5  u n i t s ;  (111) S a m e ,  Nega
t i v e  A c c e l e r a t i o n  o f  0 . 5  u n i t s ;  ( I V )  On S i d e ,  A c c e l e r a t i o n  o f  0 
u n i t s ;  ( V )  Same,  P o s i t i v e  A c c e l e r a t i o n  o f  0 . 5  u n i t s ;  ( V I )  Same,  
P o s i t i v e  A c c e l e r a t i o n  o f  1 . 5  u n i t s ;  ( V I I )  S a m e ,  N e g a t i v e  A c c e l e r 
a t i o n  o f  0 . 5  u n i t s ;  ( V I I I )  N e g a t i v e  A c c e l e r a t i o n  o f  1 u n i t .  

The d i f f e r e n c e  b e t w e e n  t h e  r e s u l t s  o f  o u r  e x a m i n a t i o n s  a n d  t h e  
d a t a  o f  K . L .  K h i l o v ,  A . P .  P o p o v ,  a n d  T . D .  B a k h v a l o v a  c a n  b e  e x p l a i n e d  
by t h e  f a c t  t h a t  t h e s e  a u t h o r s  s t u d i e d  t h e  d u r a t i o n  o f  n y s t a g m u s  
a f t e r  t h e  e f f e c t  of c e n t r i f u g a l  f o r c e s ,  a n d  n o t  d u r i n g  t h e  p e r i o d  
of  t h e i r  d i r e c t  a c t i o n .  

The s u b j e c t s '  s u b j e c t i v e  s e n s a t i o n s  o f  t h e i r  p o s i t i o n  d u r i n g  
t h e  a c t i o n  o f  t h e  a c c e l e r a t i o n s  s h o u l d  b e  c o n s i d e r e d  a s  t h e  r e 
s u l t  of  s t i m u l a t i o n  o f  t h e  p r o p r i o - a n d  i n t e r o c e p t o r s  b e c a u s e  of  a 
c h a n g e  i n  t h e  hemodynamics  o f  t h e  o r g a n i s m .  
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CONCLUSIONS /181 


(1) Stimulating the otolith apparatus by exposing human sub

jects to accelerations, particularly positive ones, increases the 

intensity of the nystagmic reaction. 


(2) The effect of acceleration in various directions.coin
cides with.the appearance of illusory sensations regarding the body's 
position in space, which differ f o r  the effects of positive and 
negative acceleration. 
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CUMULATION OF STIMULI IN MOTION SICKNESS 
I .  D .  Pestov 

ABSTRACT: During r o c k i n g  and nonuni form r o t a t i o n  
of dogs ,  t h e i r  p u l s e  r a t e  and r a t e  o f  r e s 
p i r a t i o n  remain  r e l a t i v e l y  c o n s t a n t ;  t h e r e  i s ,  
however,  a c o n s t a n t  i n c r e a s e  i n  t h e  e x c i t a b i l i t y  
of t h e  e m e t i c  c e n t e r ,  which  i s  found i n  t h e  
e m e t i c  r e a c t i o n  t o  t h e  a d m i n i s t r a t i o n  of apomor
p h i n e  i n  s u b c r i t i c a l  d o s e s .  The f o r m a t i o n  of an 
emes i s  of any e t i o l o g y  l e a d s  t o  sharp  and r e g u l a r
changes i n  t h e  r a t e  o f  h e a r t  c o n t r a c t i o n s  
and r e s p i r a t i o n .  The p r o c e s s  of t h e  cumula t ion  
of s t i m u l i  d u r i n g  mo t ion  s i c k n e s s  i s  l i n k e d  w i t h  
t h e  f u n c t i o n  of t h e  e m e t i c  c e n t e r ,  which t r a n s m i t s  
(up  t o  a c e r t a i n  Z i m i t )  t h e  a f f e r e n t  i m p u l s e s  t o  
t h e  c e n t r i f u g a Z  p a r t  o f  t h e  r e f l e x  a r c  and t h e n ,  
be ing  s t i m u Z a t e d  i n t e r m i t t e n t l y ,  causes  v o m i t i n g
and t h e  v ' e g e t a t i v e  changes correspond ing  t o  i t .  

A t  t h e  p r ~ e s e n t  t i m e ,  w e  know t h a t  u n d e r  t h e  c o n d i t i o n s  o f  /181 
s h o r t - p e r i o d  [11,13] a n d  l o n g  p e r i o d  [ S I  w e i g h t l e s s n e s s ,  t h e r e  i s  
a r e a l  p o s s i b i l i t y  t h a t  a s y n d r o m e  s u g g e s t i n g  m o t i o n  s i c k n e s s  w i l l  
d e v e l o p .  T h i s  s y n d r o m e  , known a l s o  as s e a s i c k n e s s  a n d  a i r s i c k n e s s  , 
v e r t i g o ,  e t c . ,  h a s  b e e n  o f  g r e a t  i n t e r e s t  t o  r e s e a r c h e r s  for a 
l o n g  t i m e .  N e v e r t h e l e s s ,  many a s p e c t s  o f  i t s  p a t h o g e n e s i s  a r e  s t i l l  
n o t  v e r y  c l e a r .  T h i s  n a t u r a l l y  l i m i t s  t h e  p o s s i b i l i t y  o f  c o n s t r u c t 
i n g  a n  e f f e c t i v e  s y s t e m  o f  p r o p h y l a c t i c  m e t h o d s .  

A c h a r a c t e r i s t i c  f e a t u r e  o f  t h e  d y n a m i c s  o f  t h e  d e v e l o p m e n t  o f  
m o t i o n  s i c k n e s s  i s  t h e  f a c t  t h a t  n a u s e a  a n d  e m e s i s  ( a s  w e l l  as t h e  
a c c o m p a n y i n g  d i s a g r e e a b l e  s u b j e c t i v e  s e n s a t i o n s  a n d  c e r t a i n  v e g e t a 
t i v e  r e a c t i o n s )  come i n  f i t s  a n d  s e i z u r e s  a f t e r  a p e r i o d  o f  v a r y i n g  
l e n g t h  d u r i n g  w h i c h  t h e  o r g a n i s m  i s  i n  a r a t h e r  s a t i s f a c t o r y  c o n d i 
t i o n .  The r e a s o n  f o r  t h i s  phenomenon,  a c c o r d i n g  t o  t h e  o p i n i o n  o f  
N . N .  L o z a n o v  C51 ,  V . I .  Voyachek [ 3 1 ,  a n d  S.N. K h e c h i n a s h v i l i  C 9 1 ,  
i s  t h e  p r o c e s s  of c u m u l a t i o n  o f  s t i m u l i .  L o z a n o v  a s s u m e s  t h a t  
c u m u l a t i o n  c a n  b e  c a u s e d  e i t h e r  b y  a s u m m a t i o n  o f  t h e  e l e c t r i c  p o 
t e n t i a l s  o f  b y  a b u i l d - u p  o f  t h e  s t i m u l a t i n g  m a t e r i a l  ( o f  c h e m i c a l  /182 
n a t u r e )  i n  t h e  v e s t i b u l a r  c e n t e r s .  I t  i s  v e r y  p r o b a b l e  t h a t  s u c h  
phenomena  d o  make up a n  i n t e g r a l  p a r t  o f  t h e  p r o c e s s  for c u m u l a t i o n  
o f  s t i m u l i .  However ,  t h e  t h e o r y  t h a t  t h e y  a r e  d e v e l o p e d  a t  t h e  
l e v e l  of t h e  V e s t i b u I a r  c e n t e r s  h a s  n o t  b e e n  s u b s t a n t l a t e d  b y  a n y  
e x p e r i m e n t a l  d a t a .  1.1. B r y a n o v  a n d  F . D .  G o r b o v  c 2 1  s e e  t h e  key 
t o  u n d e r s t a n d i n g  t h e  c u m u l a t i o n  p r o c e s s  i n  t h e  s t u d y  o f  t h e  I n d u c 
t i v e  r e l a t i o n s h i p s  among t h e  n e r v e  c e n t e r s .  K . L .  K h i l o v  [lo] 
c o n s i d e r s  t h a t  t h e  a b r u p t  a p p e a r a n c e  o f  s o m a t i c  a n d  v e g e t a t i v e  
r e a c t i o n s  d u r i n g  m o t i o n  s i c k n e s s  i s  t h e  r e s u l t  o f  a d e c r e a s e  i n  t h e  
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i n h i b i t o r y  f u n c t i o n  o f  t h e  c o r t e x .  S u c h  g e n e r a l f z e d  c o n c e p t s  d o  
n o t  a l l o w  u s  t o  draw a n y  d i r e c t  c o n c l u s i o n s  r e g a r d f n g  t h e  l e v e l  a t  
w h i c h  t h e  s t i m u l i  c u m u l a t e .  

I n  t h e  s t u d i e s  o f  B a r d  [ 1 2 1 ,  Wang a n d  C h i n n  C141, i t  h a s  b e e n  
shown t h a t  t h e  v e s t i b u l a r  s e c t i o n  o f  t h e  c e r e b e l l u m  C n o d u l u s ,  
u v u l a ,  p y r a m i s )  a n d  t h e  c h e m o r e c e p t o r  z o n e  of t h e  e m e t i c  c e n t e r  
l o c a t e d  a t  t h e  b o t t o m  o f  t h e  I V t h  v e n t r i c l e ,  t o  t h e  e m e t i c  c e n t e r  
l o c a t e d  i n  t h e  v i c i n i t y  o f  t h e  d o r s o - l a t e r a l  m a r g i n  o f  t h e  l a t e r a l  
r e t i c u l a r  f o r m a t i o n  o f  t h e  m e d u l l a  o b l o n g a t a .  The c o m b i n a t i o n  o f  
t h e s e  c e n t r a l  l i n k s  f o r  t h e  r e f l e x  a r c  c a u s e s  t h e  p e r i o d i c  a p p e a r a n c e  
o f  v o m i t i n g  s e i z u r e s  when t h e  a n i m a l s  a r e  r o c k e d .  We c a n  a s s u m e  
t h a t  t h e  e m e t i c  c e n t e r  i s  a l s o  t h e  f o c u s  a t  w h i c h  t h e  s t i m u l i  accum
u l a t e ,  a n d  t h a t  i t  i s  p e r i o d i c a l l y  d i s c h a r g e d ,  t h u s  l e a d i n g  t o  a 
d e v e l o p m e n t  o f  g e n e r a l i z e d  s e i z u r e s  o f  m o t i o n  s i c k n e s s .  I n  o r d e r  
t o  c o n f i r m  or d e n y  t h i s  a s s u m p t i o n ,  w e  c o m p a r e d  t h e  c h a r a c t e r  o f  
t h e  e x t e r n a l  s i g n s  o f  m o t i o n  s i c k n e s s  ( b e h a v i o r a l  r e a c t i o n s ,  
r a t e  o f  t h e  p u l s e  a n d  r e s p i r a t i o n )  w i t h  t h e  d y n a m i c s  o f  t h e  
c h a n g e  i n  e x c i t a b i l i t y  o f  t h e  e m e t i c  c e n t e r ,  i n  c h r o n i c  e x p e r i m e n t s  
on d o g s .  

E x p e r i m e n t a l  m o t i o n  s i c k n e s s  w a s  r e p r o d u c e d  on t e s t - s t a n d s  w i t h  
n o n u n i f o r m  r o t a t i o n  a n d  v e r t i c a l  a n d  o b l i q u e  r o c k i n g .  

RE S UL T S  

R o c k i n g ,  as a r u l e ,  c a u s e d  l a t e n t  f o r m s  o f  m o t i o n  s i c k n e s s  i n  
d o g s ,  w h i l e  a s e l f - m a i n t a i n e d  e m e s i s  d i d  n o t  d e v e l o p .  The a n i m a l s ’  
b e h a v i o r  a t  t h i s  s t a g e  w a s  c h a r a c t e r i z e d  b y  t h e  f o l l o w i n g  f e a t u r e s .  
A t  t h e  b e g i n n i n g  o f  t h e  n o n u n i f o r m  r o t a t i o n  or r o c k i n g ,  t h e  d o g s  
showed u n r e s t  w h i c h  w a s  e x p r e s s e d  i n  m o t o r  e x c i t a t i o n  a n d  v o c a l  
r e a c t i o n s .  However ,  t h e y  s o o n  ( w i t h i n  1 - 2  m i n )  became q u i e t .  A f t e r  
1 0  m i n u t e s  o f  r o t a t i o n  or r o c k i n g ,  a c e r t a i n  u n r e s t  a g a i n  b e g a n  t o  
a p p e a r ,  w h i c h  s o m e t i m e s  c h a n g e d  t o  a c o n d i t i o n  o f  r e t a r d a t i o n .  I n  
t h i s  case  , t h e  a n i m a l s  p e r i o d i c a l l y  l i c k e d  t h e i r  j o w l s  , w h i m p e r e d ,  /la3 
a n d  yawned.  We c o n s i d e r e d  s u c h  r e a c t i o n s  t o  b e  a n  e x p r e s s i o n  o f  
d i s c o m 5 r t .  We d i d  n o t  n o t e  a n y  c h a n g e s  i n  t h e  a c t i v i t y  o f  t h e  
c a r d i o v a s c u l a r  a n d  r e s p i r a t i o n a l  s y s t e m s ,  w h i c h  w o u l d  c o r r e l a t e  w i t h  
t h e  a p p e a r a n c e  o f  t h e  f i r s t  s i g n s  o f  d i s c o m f o r t .  An a n a l y s i s  o f  
t h e  e l e c t r o c a r d i o g r a p h s  d u r i n g  t h e  n o n u n i f o r m  r o t a t i o n  or r o c k i n g  
showed t h e  f o l l o w i n g :  i n  6 4 %  o f  t h e  c a s e s ,  w i t h i n  1 - 2  min a f t e r  t h e  
e f f e c t  , a g a i n s t  a b a c k g r o u n d  o f  a r e a c t i o n  o f  g e n e r a l  e x c i t a t i o n  , 
t h e  r a t e  o f  h e a r t  c o n t r a c t i o n s  i n c r e a s e d .  S u b s e q u e n t l y ,  t h e r e  
d i d  n o t  a p p e a r  a n y  d e f i n i t e  t e n d e n c i e s  f o r  t h e  r a t e  o f  h e a r t  
c o n t r a c t i o n s  t o  c h a n g e  ( e v e n  i n c l u d i n g  t h e  t i m e  when t h e  f i r s t  s i g n s  
o f  d i s c o m f o r t  a p p e a r e d )  ( F i g .  1);  i n  1 7 %  o f  t h e  c a s e s ,  d u r i n g  t h e  
f i r s t  m i n u t e s  f o l l o w i n g  t h e  s t i m u l u s ,  t h e r e  w a s  a d e c r e a s e  i n  t h e  
r a t e  o f  h e a r t  c o n t r a c t i o n s ,  a f t e r  w h i c h  t h e  p u l s e  became s t a 
b i l i z e d ;  i n  1 9 %  o f  t h e  c a s e s ,  t h e  r a t e  o f  h e a r t  c o n t r a c t i o n s  
e i t h e r  d i d  n o t  c h a n g e  w i t h i n  t h e  d u r a t i o n  o f  t h e  e n t i r e  e x p e r i m e n t ,  
or t h e r e  were i n s i g n i f i c a n t  o s c i l l a t i o n s  o f  t h e  p u l s e  r a t e ,  
b o t h  i n  t h e  f o r m  o f  a n  i n c r e a s e  a n d  i n  t h e  f o r m  o f  a d e c r e a s e .  
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The d i r e c t i o n a l i t y  o f  t h e  c h a n g e s  on t h e  p a r t  o f  t h e  r e s p i r a 
t i o n  was c h a r a c t e r i z e d  by  a p p r o x i m a t e l y  t h e  same p e r c e n t a g e  r e l a 
t i o n s h i p s .  

F i g .  1: A v e r a g e  V a l u e s  f o r  t h e  
R a t e  o f  H e a r t  C o n t r a c t i o n s  
f o r  Dogs d u r i n g  N o n u n i f o r m  R o t a t i o n  

140 a n d  R o c k i n g  L a s t i n g  a Minimum o f  
30 min .  (1-1) M a r g i n s  f o r  t h e  
A v e r a g e  Error i n  t h e  C h a r a c t e r i s t i c s  

T i m e ,  m i n .  o f  t h e  H e a r t  C o n t r a c t i o n s .  
p: 


A t  t h e  b e g i n n i n g  o f  t h e  e x p e r i m e n t ,  t h e  a n i m a l s  s o m e t i m e s  
showed a p r o n o u n c e d  t y p e  o f  m o t i o n  s i c k n e s s ,  w i t h  n a u s e a  a n d  v o m i t 
i n g .  I n  t h e s e  c a s e s ,  t h e  s i g n s  o f  d i s c o m f o r t  g r a d u a l l y  p r o g r e s s e d ,  
t h e  u n r e s t  w a s  i n t e n s i f i e d ,  t h e  a n i m a l s  b e g a n  t o  l i c k  t h e i r  j o w l s  
more f r e q u e n t l y ,  t h e r e  w a s  a n  o u t f l o w  o f  s a l i v a  f r o m  t h e  o r a l  c a v 
i t y ,  a n d  t h e  r e s p i r a t i o n  became s h a r p l y  i n t e n s i f i e d ;  t h e r e  were  
s i g n s  o f  v o m i t i n g ,  a n d ,  f i n a l l y ,  v o m i t i n g .  A g a i n s t  t h e  b a c k g r o u n d  
o f  t h e  s h a r p  i n t e n s i f i c a t i o n  o f  t h e  r e s p i r a t i o n ,  wh ich  w e  c o n s i d e r e d  
a n  i n d i c a t o r  o f  n a u s e a ,  t h e  r a t e  o f  h e a r t  c o n t r a c t i o n s  r a p i d l y  
i n c r e a s e d  a n d  r e a c h e d  a maximum i m m e d i a t e l y  b e f o r e  t h e  s i g n s  6f 
e m e s i s .  D u r i n g  t h e  p e r i o d s  o f  s i g n a l s  o f  e m e s i s ,  a n d  d u r i n g  t h e  
e m e s i s ,  b r a d y c a r d i a  d e v e l o p e d .  T h i s  w a s  c a u s e d ,  i n  our o p i n i o n ,  by  
a n  i n c r e a s e  i n  t h e  i n t r a t h o r a c i c  p r e s s u r e  as a r e s u l t  o f  e n e r g e t i c  
c o n t r a c t i o n s  o f  t h e  r e s p i r a t i o n a l  a n d  t h o r a c i c  m u s c u l a t u r e  d u r i n g  
e m e s i s .  I m m e d i a t e l y  a f t e r  e m e s i s ,  t a c h y c a r d i a  r e s u m e d ,  b u t  t h e  
r a t e  o f  h e a r t  c o n t r a c t i o n s  r e t u r n e d  t o  i t s  o r i g i n a l  l e v e l  o n l y  
a f t e r  s e v e r a l  m i n u t e s  ( F i g s .  2 ,  3 ,  a n d  4 ) .  UI 
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a, T i m e ,  m i n .  

PLF i g .  2 .  F i g .  3 .  /184 

F i g . 2 .  R a t e  o f  H e a r t  C o n t r a c t i o n s  and  R e s p i r a t i o n  i n  t h e  Dog 
"Kometa" d u r i n g  V e r t i c a l  R o c k i n g  i n  a C y c l e  o f  52 R o c k s / m i n .  
(1) H e a r t  C o n t r a c t i o n s ;  ( 2 )  R e s p i r a t i o n .  

F i g .  3 .  R a t e  o f  H e a r t  C o n t r a c t i o n s  a n d  R e s p i r a t i o n  i n  t h e  Dog 
"Tuchka" ,  w i t h  O b l i q u e  R o c k i n g  i n  a C y c l e  o f  4 0  R o c k s / m i n .  Symbol s  
as i n  F i g .  2 .  
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We c a n  s e e  f r o m  t h e  f i g u r e s  t h a t  t h e  m o s t  s i g n i f i c a n t  d i s o r d e r s  
i n  t h e  a c t i v i t y  o f  t h e  c a r d i o v a s c u l a r  s y s t e m  a r e  f u n c t i o n a l l y  l i n k e d  
w i t h  t h e  f o r m a t i o n  of an  e m e t i c  r e f l e x .  R e s p i r a t i o n ,  as t h e  m o s t  
l a b i l e  f u n c t i o n ,  c a n  also c h a n g e  w i t h i n  a w i d e  r a n g e  b e f o r e  e m e s i s ,  
b u t  t h e s e  c h a n g e s  d o  n o t  h a v e  a 
f o r m a t i o n  o f  t h e  e m e t i c  r e f l e x ,  
a r u l e ,  becomes  s t a b i l i z e d  f o r  
70 movements  p e r  m i n u t e ,  w h i l e  
case i n c r e a s e s  s h a r p l y .  
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IO 20 30 
T i m e ,  m i n .  

F i g .  4 .  R a t e  o f  H e a r t  Con
t r a c t i o n s  a n d  R e s p i r a t i o n  i n  
t h e  Dog l 'Astral l  d u r i n g  Nonuni 

r e g u l a r  c h a r a c t e r .  However ,  d u r i n g  
t h e  r a t e  o f  r e s p i r a t i o n ,  .as 

t h e  d o g s  w i t h i n  a r a n g e  f r o m  40 t o  
t h e  i n t e n s i t y  o f  r e s p i r a t i o n  i n  t h i s  

T h e r e  a r e  s i m i l a r  c h a n g e s  i n  
t h e  a c t i v i t y  o f  t h e  c a r d i o v a s c u l a r  
s y s t e m  a n d  t h e  r e s p i r a t i o n  u n d e r  
t h e  c o n d i t i o n s  f o r  f o r m a t i o n  o f  
e m e s i s ,  c a u s e d  b y  o t h e r  s t i m u l a 

1 t i o n s  [ 7 , 8 1 .  

The emes is  o c c u r r i n g  f r o m  a n  
i n t a k e  o f  a p o m o r p h i n e  i s  accom
p a n i e d  b y  t h e  same s e c r e t o r y  
( o u t f l o w  o f  s a l i v a ) ,  s i g n a l i n g ,  
a n d  m o t o r  e f f e c t s  w h i c h  a r e  a l s o  
n o t e d  d u r i n g  m o t i o n  s i c k n e s s .  / 1 8 5  
T h i s  i n d i c a t e s  t h a t  t h e  a b o v e -
m e n t i o n e d  v i g o r o u s  c a r d i o v a s c u l a r ,  
r e s p i r a t i o n  a 1  , s e c r e t o r y  , a n d  
m o t o r  r e a c t i o n s  a r e  r e l a t e d  t o  
t h e  f u n c t i o n a l  c o m p a n i o n s  for t h e  

form R o t a t i o n  i n  a 
rpm. Symbols  as  i n  

e m e t i c  r e f l e x  w h i c h  
e f f e c t o r  m e c h a n i s m s  

C y c l e  o f  1 2  
F i g u r e  2 .  

a p p e a r s  d u r i n g  i n t e r m i t t e n t  a c t i v a t i o n  o f  t h e  
f o r  e m e s i s .  

T i m e ,  m i n .  

F i g .  5 .  E f f e c t  o f  A d m i n i s t e r i n g  Apomorphine  i n  S u b c r i t i c a l  Doses  
i n  t h e  Dog "Tuchka"  d u r i n g  N o n u n i f o r m  R o t a t i o n  i n  a C y c l e  o f  1 2  rpm. 
The Arrows show t h e  Moments when Doses  o f  Apomorphine  w e r e  Admin
i s t e r e d  ( a s  a P e r c e n t  i n  R e l a t i o n  t o  t h e  V a l u e  f o r  a C r i t i c a l  Dose 
d u r i n g  R e s t ) ;  E i s  t h e  E m e s i s ;  t h e  S h a d e d  P a r t  o f  t h e  F i g u r e  shows 
t h e  P e r i o d  o f  R o t a t i o n .  

By a p p l y i n g  s u b c u t a n e o u s  i n j e c t i o n s  o f  a p o m o r p h i n e  i n  s u b c r i t 
i c a l  d o s e s ,  w e  s u c c e e d e d  i n  e s t a b l i s h i n g  t h e  f a c t  t h a t ,  d u r i n g  t h e  
e x p e r i m e n t s  w i t h  n o n u n i f o r m  r o t a t i o n  or r o c k i n g ,  t h e  e x c i t a b i l i t y  
o f  t h e  e m e t i c  c e n t e r  i n c r e a s e s  r e g u l a r l y  i n  d o g s .  Such an  i n c r e a s e  
i n  t h e  e x c i t a b i l i t y  o f  t h e  e m e t i c  c e n t e r  i s  c h a r a c t e r i s t i c  e v e n  
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o f  t h e  b e g i n n i n g ,  l a t e n t  f o r m s  of m o t i o n  s i c k n e s s ,  d u r i n g  w h i c h ,  as  
w e  h a v e  n o t e d ,  t h e r e  a r e  n o  p r o n o u n c e d  d i s o r d e r s  on t h e  p a r t  o f  t h e  
p r i n c i p a l  v e g e t a t i v e  f u n c t i o n s .  The g r e a t e r  t h e  m a g n i t u d e  o f  t h e  
a c c e l e r a t i o n s  a c t i n g  on t h e  o r g a n i s m ,  t h e  s o o n e r  t h e  s u b c r i t i c a l  
d o s e s  o f  a p o m o r p h i n e  a r e  s u f f i c i e n t  f o r  c a u s i n g  e m e s i s .  F i g u r e  5 
shows t h e  r a t e  o f  h e a r t  c o n t r a c t i o n s  i n  t h e  d o g  "Tuehka"  d u r i n g  
a r e g i m e  o f  n o n u n i f o r m  r o t a t i o n  a t  1 2  rpm,  w h i c h  l e d  t o  a d e v e l o p 
ment  o f  t h e  b e g i n n i n g  f o r m  o f  m o t i o n  s i c k n e s - s  i n  h e r .  D u r i n g  t h e  
c o u r s e  o f  t h i s  e x p e r i m e n t ,  t h e  e x c i t a b i l i t y  o f  t h e  e m e t i c  c e n t e r  
w a s  d e t e r m i n e d  b y  a s u b c u t a n e o u s  a d m i n i s t r a t i o n ,  r e p e a t e d  f o u r  
t i m e s  , o f  a p o m o r p h i n e  i n  s u b c r i t i c a l  d o s e s .  

A s  i s  made c l e a r  f r o m  t h e  r e s u l t s  o f  t h i s  e x p e r i m e n t ,  w i t h i n  
1 0  m i n u t e s  o f  t h e  r o t a t i o n  a d o s e  o f  a p o m o r p h i n e  c o n s i s t i n g  o f  75% 
o f  t h e  c r i t i c a l  amount  s e e m e d  e f f e c t i v e .  W i t h i n  30  m i n u t e s ,  a 50% 
d o s e  o f  a p o m o r p h i n e  c a u s e d  e m e s i s ,  a n d  w i t h i n  5 0  m i n u t e s ,  a 25% 
d o s e  a l s o  c a u s e d  e m e s i s .  I m m e d i a t e l y  a f t e r  r o t a t i o n  w a s  s t o p p e d  
( i n  t h e  7 0 t h  m i n u t e  o f  t h e  e x p e r i m e n t ) ,  a 7 5 %  d o s e  o f  a p o m o r p h i n e  
p r o v e d  i n e f f e c t i v e .  From t h e  c o n t r o l  e x p e r i m e n t s  e s t a b l i s h e d  u n d e r  
c o n d i t i o n s  o f  r e s t ,  w e  e s t a b l i s h e d  t h e  f a c t  t h a t  d u r i n g  t h e  20-min-
U t e  i n t e r v a l s  b e t w e e n  s u c c e s s i v e  i n j e c t i o n s  o f  a p o m o r p h i n e ,  t h e r e  
i s  n o  p o s s i b i l i t y  f o r  i n t e g r a t i o n  o f  t h e  f o l l o w i n g  d o s e s  w i t h  t h e  
p r e c e d i n g  o n e s .  T h e r e f o r e ,  t h e  r e s u l t s  o f  t h i s  e x p e r i m e n t ,  l i k e  
t h o s e  o f  many o t h e r s ,  show an i n c r e a s e  i n  t h e  e x c i t a b i l i t y  o f  t h e  /186 
e m e t i c  c e n t e r  w h i c h  h a s  a p r o g r e s s i v e  c h a r a c t e r  a n d  i s  c a u s e d  b y  
t h e  e f f e c t  o f  a c c e l e r a t i o n .  I t  i s  s i g n i f i c a n t  t o  n o t e  t h a t  as 
t h e  e x c i t a b i l i t y  o f  t h e  e m e t i c  c e n t e r  i n c r e a s e s ,  t h e  e m e t i c  s e i z u r e  
d e v e l o p s  more r a p i d l y  a f t e r  t h e  i n j e c t i o n  o f  a p o m o r p h i n e .  The 
number  o f  s u c h  e m e t i c  s e i z u r e s  d o e s  n o t  d e p e n d  on t h e  l e v e l  o f  
e x c i t a b i l i t y  f o r  t h e  e m e t i c  c e n t e r .  T h i s  i s  a l s o  c o n f i r m e d  by 
s t  a t i s  t i c a l  d a t a .  

The d i s t r i b u t i o n  o f  e m e t i c  s e i z u r e s  i n  t i m e ,  f r o m  t h e  moment 
t h e  a p o m o r p h i n e  w a s  a d m i n i s t e r e d  t o  t h e  e i g h t  d o g s  a t  r e s t ,  a n d  
d u r i n g  t h e  b e g i n n i n g  s t a g e s  o f  d e v e l o p m e n t  o f  m o t i o n  s i c k n e s s ,  i s  
g i v e n  i n  t h e  t a b l e  b e l o w .  

- -

Dose o f  C o n d i t i o n s  o f  
Apomorphine t h e  E x p e r i m e n t  

~ 

C r i t i c a l  R e s t  9 1 2  5 66 30 2 3a 

Sub- R o t a t i o n  a n d  2 4  85  3 1  10 150 
c r i t i c a l  R o c k i n g  

- . .  . . .  



d u r i n g  r e s t  i s  1 0 . 6  + 0 . 2 5  m i n ,  w h i l e  i t  i s  8 . 4  + 0 . 3 2  min d u r i n g  
i n c r e a s e d  e x c i t a b i l i t y  o f  t h e  eme t i c  c e n t e r .  S u b s e q u e n t l y ,  i n  t h e  
s e c o n d  case ,  t h e  c r i t i c a l  l e v e l  o f  e x c i t a b i l i t y  f o r  t h e  e m e t i c  
c e n t e r  i s  r e a c h e d  more  r a p i d l y ,  a f t e r  w h i c h  t h e r e  i s  a " d i s c h a r g e " .  
However ,  t h e  a f t e r  e f f e c t  o f  s u c h  a " d i s c h a r g e " ,  j u d g i n g  f r o m  o u t  
s t a t i s t i c a l  d a t a ,  d o e s  n o t  d e p e n d  on t h e  o r i g i n a l  l e v e l  o f  e x c i t a 
b i l i t y  f o r  t h e  e m e t i c  c e n t e r .  The r e l a t i o n s h i p  b e t w e e n  p r e l i m i n a r y  
' a n d  r e p e a t e d  e m e t i c  s e i z u r e s  i n  a s e r i e s  i s  i d e n t i c a l  f o r  c r i t i c a l  
a n d  s u b c r i t i c a l  d o s e s  a n d  i s  i n  t h e  p r o p o r t i o n  4:3. 

I n  o u r  o p i n i o n ,  t h e  d a t a  p r e s e n t e d  i n d i c a t e  t h a t  t h e  c a u s e  o f  
t h e  a p p e a r a n c e  o f  e m e t i c  s e i z u r e s  a n d  v e g e t a t i v e  d i s o r d e r s  w h i c h  
a r e  f u n c t i o n a l l y  r e l a t e d  t o  i t ,  d u r i n g  m o t i o n  s i c k n e s s ,  i s  t h e  
p r o c e s s  o f  c u m u l a t i o n  o f  s t i m u l i  i n  t h e  e m e t i c  c e n t e r .  T h i s  p r o c e s s  
i s  i n t e n s i f i e d  d u r i n g  a g r a d u a l ,  s y m p t o n - l e s s  i n c r e a s e  i n  t h e  e x c i t 
a b i l i t y  o f  t h e  e m e t i c  c e n t e r ,  a l l  t h e  way t o  a d e f i n i t e  c r i t i c a l  
l e v e l ,  a f t e r  w h i c h  a v i g o r o u s  s e i z u r e  o f  s u c h  d i s o r d e r s  i s  d e v e l o p e d .  
The f u n c t i o n  o f  t h e  e m e t i c  c e n t e r  t h u s  g u a r a n t e e s  d i s p e r s i o n  o f  t h e  
a f f e r e n t  i m p u l s e s  a r i s i n g  d u r i n g  a c c e l e r a t i o n ,  t o  t h e  c e n t r i f u g a l  
p a r t  o f  t h e  r e f l e x  a r c ,  w h i c h  c a n  b e  c o n s i d e r e d  as t h e  a p p e a r a n c e  
o f  t h e  o r g a n i s m l s  c o m p e n s a t o r y  r e a c t i o n .  B e c a u s e  o f  s u c h  a mecha
n i s m  , t h e  d e v e l o p m e n t  o f  v i g o r o u s  s e i z u r e s  o f  v e g e t a t i v e  d i s o r d e r s  
d u r i n g  r o t a t i o n  a n d  r o c k i n g  i s  f r e q u e n t l y  i m p o s s i b l e .  A s  f o r  t h e  /187 
u n c o m f o r t a b l e  s e n s a t i o n s  a n d  c e r t a i n  c h a n g e s  on  t h e  p a r t  o f  t h e  
h i g h e r  n e r v o u s  a c t i v i t y ,  i t  i s  w e l l  known [l, 4 ,  5 1  t h a t  t h e y  c a n  
d e v e l o p  d u r i n g  m o t i o n  s i c k n e s s  e v e n  b e f o r e  t h e  o n s e t  o f  e m e s i s ,  
a n d  t h e y  do  n o t  a l w a y s  h a v e  s u c h  a p r o n o u n c e d  d i s c r e t e ,  i n t e r m i t t e n t  
c h a r a c t e r  as w a s  n o t e d  for t h e  p r i n c i p a l  v e g e t a t i v e  d i s o r d e r s .  
T h e r e f o r e  , t h e i r  f u n c t i o n a l  r e l a t i o n s h i p  t o  t h e  p r o c e s s  o f  cumula 
t i o n  o f  s t i m u l a t i o n s  i n  t h e  e m e t i c  c e n t e r  s t i l l  n e e d s  t o  b e  p r o v e n .  
I t  i s  p o s s i b l e  t h a t  t h e s e  r e a c t i o n s  a p p e a r  a t  some c r i t i c a l  v a l u e  
f o r  t h e  e x c i t a b i l i t y  of t h e  e m e t i c  c e n t e r  a n d  g r a d u a l l y  i n c r e a s e ,  
r e a c h i n g  a p e a k  a t  t h e  maximum c r i t i c a l  l e v e l  f o r  e x c i t a b i l i t y  o f  
t h e  e m e t i c  c e n t e r .  The p r e s e n c e  o f  a r e l a t i o n s h i p  b e t w e e n  t h e  
s e n s o r y  r e a c t i o n s  a n d  t h e  f u n c t i o n a l  c o n d i t i o n  o f  t h e  e m e t i c  c e n t e r  
i s  i n d i r e c t l y  c o n f i r m e d  by  t h e  we l l -known f a c t  t h a t  emes is  (or, i n  
o t h e r  words  , " d i s c h a r g e "  o f  t h e  emet ic  c e n t e r )  , i n v o l v e s  a s u b j e c t i v e  
f e e l i n g  o f  r e l i e f  d u r i n g  m o t i o n  s i c k n e s s .  

The d a t a  p r e s e n t e d ,  i n  o u r  o p i n i o n ,  r e v e a l  c e r t a i n  new p o s s i 
b i l i t i e s  for c o n s t r u c t i n g  a s y s t e m  o f  m e t h o d s  i n t e n d e d  f o r  p r o p h y 
l a x i s  o f  m o t i o n  s i c k n e s s .  One s u c h  p o s s i b i l i t y  i n v o l v e s  a n  i n c r e a s e  
i n  t h e  f u n c t i o n a l  c a p a c i t y  o f  a n a t u r a l  c o m p e n s a t o r y  mechan i sm 
w h i c h  m a i n t a i n s  t h e  d i s p e r s i o n  o f  t h e  a f f e r e n t  i m p u l s e s  o c c u r r i n g  
d u r i n g  a c c e l e r a t i o n s  t o  t h e  c e n t r i f u g a l  p a r t  o f  t h e  r e f l e x  a r c .  
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MATHEMATICAL MODELING OF THE FUNCTION OF THE VESTIBULAR 
APPARATUS DURING WEIGHTLESSNESS 

N .  A .  C h e k h o n a d s k i y  

ABSTRACT:  The probZem of a p p l y i n g  methods  o f  
mathematicaZ modezing t o  t h e  s t u d y  o f  t h e  func
t i o n  o f  t h e  o t o Z i t h  s e c t i o n  o f  t h e  v e s t i b u Z a r  
appara tus  i s  examined .  The c h a r a c t e r i s t i c s  of 
t h e  mode2 for t h e  u t r i c u Z a r  r e c e p t o r s  d u r i n g  
t h e  a c t i o n  of a c c e Z e r a t i o n  on an organ i sm a r e  
p r e s e n t e d .  The p r e s e n c e  of c e r t a i n  g e n e r a l  ruZes  
in t h e s e  c a s e s ,  e x p r e s s e d  in t h e  appearance of 
an a Z t e r n a t i n g  component a t  t h e  o u t Z e t  of t h e  
" i n t e g r a t o r " ,  is e s t a b  Z i s h e d .  

I n  o r d e r  t o  s t u d y  t h e  v e s t i b u l a r  a n a l y z e r  d u r i n g  w e i g h t l e s s - /188 
n e s s  i n  more d e t a i l ,  we a t t e m p t e d  t o  m a k e  a m a t h e m a t i c a l  m o d e l  o f  
t h e  f u n c t i o n a l  f e a t u r e s  o f  i t s  o t o l i t h  s e c t i o n .  

E L E M E N T A R Y  MODEL OF THE O T O L I T H  RECEPTORS 

The o t o l i t h  r e c e p t o r s  o f  m a m m a l s ,  f i s h ,  a n d  b i r d s  c a n  b e  
d i v i d e d  i n t o  t h e  f o l l o w i n g  two t y p e s :  Type I a r e  t h e  g o b l e t - s h a p e d  
h a i r  c e l l s ;  Type I1 a r e  c y l i n d r i c a l  r e c e p t o r  c e l l s  [ 2 ,  3 ,  11, 121. 

F i s h  h a v e  o n l y  Type I1 c e l l s  i n  t h e  u t r i c l e ,  c a p p e d  by a 
b u n d l e  o f  s t e r e o c i l i a  s u p p o r t i n g  a l a r g e  o t o l i t h ,  a n d  o n e  o r i e n t e d  
m o b i l e  c i l i u m .  

For m a m m a l s ,  i n  a d d i t i o n  t o  t h e  c y l i n d r i c a l  h a i r  c e l l s  ( T y p e  
11) ,  t h e r e  a r e  a l s o  c e l l s  o f  Type I ,  w h i c h  a r e  p a r t i c u l a r l y  
d e v e l o p e d  i n  b i r d s  C31. 

The Type I c e l l s  a r e  a l s o  c a p p e d  w i t h  a b u n d l e  o f  s t e r e o c i l i a ,  
w h i c h  s u p p o r t  t h e  o t o l i t h  membrane w i t h  m i n u t e  o t o l i t h s ,  a n d  w i t h  
o n e  o r i e n t e d  m o b i l e  c i l i u m  i n  e a c h  c e l l .  

T h u s ,  i n  e x a m i n i n g  t h e  c e l l u l a r  a n d  s u b c e l l u l a r  o r g a n i z a t i o n  
o f '  t h e  h a i r  c e l l s  i n  v e r t e b r a t e s ,  we c a n  d e t e r m i n e  c e r t a i n  g e n e r a l  
f e a t u r e s  w h i c h  a r e  c h a r a c t e r i s t i c  f o r  c e l l s  o f  b o t h  t y p e s ;  t h e s e  
a r e  t h e  o t o l i t h s ,  t h e  b u n d l e  o f  s t e r e o c i l i a ,  a n d  t h e  o n e  m o b i l e  
c i l i u m  l o c a t e d  s i n g l e  i n  a l l  t h e  c e l l s .  

I n  t h e  o p i n i o n  o f  Y a .  A .  V i n n i k o v  [ S I ,  t h i s  i n d i c a t e s  t h e  
i m m u t a b l e  c h a r a c t e r  o f  s t i m u l a t i o n  a n d  t h e  u n i q u e n e s s  o f  r e c e i v i n g  
t h e  s t i m u l u s  i n  t h e  u t r i c l e  o f  v e r t e b r a t e s ,  r e g a r d l e s s  o f  t h e  
e n v i r o n m e n t  a n d  d e s p i t e  t h e  s i m u l t a n e o u s  s h a r p  e v o l u t i o n a r y  r e o r g a n 
i z a t i o n  o f  t h a t  p a r t  o f  t h e  c e l l  w h e r e  t h e  e x c i t a t i o n  i s  t r a n s m i t t e d  
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t o  t h e  c o r r e s p o n d i n g  c y n a p s e .  

However ,  t h e  n a t u r e  o f  s t i m u l a t i o n  o f  t h e  o t o l i t h  r e c e p t o r s  
i s  s t i l l  n o t  c l e a r .  I n  o u r  s t u d i e s ,  w e  d i d  n o t  g o  i n t o  a n  e x a m i n a 
t i o n  o f  t h e  a c t u a l  n a t u r e  o f  s t i m u l a t i o n  o f  t h e  “ o r g a n  of g r a v i t a 
t i o n ”  f o r  v e r t e b r a t e s  , b u t  a t t e m p t e d  t o  p r e s e n t  a v e r y  s i m p l e  m o d e l  
o f  t h e  o t o l i t h  r e c e p t o r ,  w h i c h  w o u l d  d e s c r i b e  t o  some d e g r e e  t h e  
f u n c t i o n  o f  r e c e p t o r s  o f  b o t h  T y p e  I a n d  Type 11. 

The l a t t e r  c o n d i t i o n  h a s  e x c e p t i o n a l l y  i m p o r t a n t  s i g n i f i c a n c e  
i n  m o d e l i n g  t h e  f u n c t i o n  o f  t h e  v e s t i b u l a r  a p p a r a t u s  d u r i n g  
w e i g h t l e s s n e s s .  

I n  d e s i g n i n g  t h e  m o d e l ,  we c o n s i d e r e d  t h a t  t h e  o t o l i t h  . r e c e p - /189 
t o r  c o n v e r t s  t h e  f o r c e  a c t i n g  on t h e  o t o l i t h  t o  e l e c t r i c  p u l s e s  
whose r a t e  i s  p r o p o r t i o n a l  t o  t h i s  f o r c e .  

The r e c e p t o r  r e a c t s  t o  a movement o f  an  a n i m a l ’ s  h e a d  r e l a t i v e  
t o  t h e  v e r t i c a l  as a r e s u l t  o f  a c h a n g e  i n  t h e  v a l u e  o f  t h e  component  
f o r c e s  f o r  t h e  w e i g h t  o f  t h e  o t o l i t h s ,  d i r e c t e d  a l o n g  a n d  a c r o s s  
t h e  h a i r s  w h i c h  a r e  l i n k e d  i n  some way w i t h  t h e  o t o l i t h s .  The 
c o n v e r t e r s  o f  t h e  v a l u e s  f o r  t h e s e  f o r c e s  i n t o  t h e  r a t e  o f  t h e  
p u l s e s  a r e  s e n s i t i v e  c e l l s  l o c a t e d  a t  t h e  b a s e  o f  t h e  s t e r e o c i l i a .  

Otol i th  

I F i g .  1. S c h e m a t i c  Diagram o f  t h e  Model  o f  
t h e  O t o l i t h  R e c e p t o r .  P i s  t h e  F o r c e  o f  
t h e  W e i g h t  o f  t h e  0 - t o l i t h ;  Q i s  t h e  Component 

I o f  t h e  W e i g h t  F o r c e ,  D i r e c t e d  Along a H a i r ;  

I T i s  t h e  Component o f  t h e  W e i g h t  F o r c e  D i -
r e c t e d  A c r o s s  a H a i r ;  B i s  t h e  Angle  o f  
L i f t  f o r  t h e  U t r i c l e  R e l a t i v e  t o  t h e  H o r i z o n 
t a l .  

i Sensitive cel lsi 

A s c h e m a t i c  d i a g r a m  o f  t h e  r e c e p t o r  m o d e l  i s  g i v e n  i n  F i g u r e  1. 

T h u s ,  o n e  o f  t h e  p r i n c i p a l  c o n c e p t s  o f  t h e  m o d e l  w e  d e v e l o p e d  
i s  t h e  i d e a  t h a t  i n f o r m a t i o n  r e g a r d i n g  t h e  v a l u e  o f  t h e  f o r c e s  
a c t i n g  on a n  o r g a n i s m  i s  d e t e r m i n e d  by t h e  r a t e  o f  t h e  r e c e p 
t o r  i m p u l s e s  , w h i c h  s u b s e q u e n t l y  w i l l  u n d e r g o  some c o n v e r s i o n s  i n  
t h e  c e n t r a l  s e c t i o n  o f  t h e  v e s t i b u l a r  a p p a r a t u s .  

The r a t e  o f  t h e  r e c e p t o r  i m p u l s e s ,  d e r i v e d  f r o m  t h e  
p r o p e r t i e s  o f  t h e  m o d e l  a n d  i n  t h e  c a s e  o f  i t s  l i n e a r  d e p e n d e n c e  
on t h e  f o r c e  r e c e i v e d  b y  t h e  r e c e p t o r ,  c a n  b e  r e p r e s e n t e d  for t h e  
f o r c e  a c t i n g  a l o n g  t h e  h a i r s  i n  t h e  f o l l o w i n g  way: 

f = f o  +k p cos(u +B), ( 1 )  

w h e r e  f o  i s  t h e  b a c k g r o u n d  r a t e  o f  t h e  r e c e p t o r  p u l s e s ;  
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k i s  t h e  c o n s t a n t  of  t h e  c o e f f i c T e n t  o f  s . e n s ~ t T v 3 t y ;  
P i s  t h a t  p a r t  o f  t h e  f o r c e  o f  t h e  o t o l i t h  we3gb.t p e r c e 2 v e d  

b y  a g i v e n  r e c e p t o r ;  
01 i s  t h e  a n g l e  o f  i n c l i n a t i o n  f o r  t h e  b o d y  r e l a t i v e  t o  t h e  

h o r i z o n t a l  ( i n  t h e  f r o n t a l  p l a n e ) ;  
B i s  t h e  a n g l e  o f  l i f t  f o r  t h e  u t r i c l e  r e l a t i v e  t o  t h e  h o r i z o n 

t a l .  

The c o e f f i c i e n t  o f  s e n s i t i v i t y  i n  a g e n e r a l  case c a n  a l s o  b e  
n e g a t i v e ,  as a r e s u l t  o f  w h i c h  t h e  o u t p u t  v a l u e  w i l l  h a v e  t h e  f o l 
l o w i n g  f o r m :  

f = f o  -kP COS (a  +P). 

I n  t h e  case  when t h e  r e c e p t o r  r e a c t s  o n l y  t o  t h a t  f o r c e  w h i c h  
i s  d i r e c t e d  a c r o s s  t h e  h a i r s ,  t h e  r a t e  o f  i t s  p u l s e s  c a n  b e  
d e t e r m i n e d  w i t h  t h e  a i d  o f  t h e  f o l l o w i n g  r e l a t i o n s h i p s :  

f = f o  +kP sin (a +P), (3)
f = f o  -kP sin (c++ P). ( 4 )  

T h u s ,  on t h e  b a s i s  o f  t h e  p r o p e r t i e s  o f  t h e  r e c e p t o r  m o d e l  
w e  a r e  e x a m i n i n g ,  w e  c a n  e x p e c t  t h a t  t h e  o t o l i t h  r e c e p t o r s ,  d e p e n d 
i n g  on t h e  c h a r a c t e r  o f  t h e i r  r e a c t i o n  d u r i n g  i n c l i n a t i o n s  f r o m  
s i d e  t o  s i d e ,  c a n  b e  d i v i d e d  i n t o  f o u r  t y p e s .  

Type I. The r a t e  o f  t h e  r e c e p t o r  p u l s e s  i s  maximum i n  
a v e r t i c a l  p o s i t i o n .  An i n c l i n a t i o n  t o  e i t h e r  s i d - e  c a u s e s  a d e 
c r e a s e  i n  t h e  r a t e  o f  t h e  p u l s e s  ( F i g .  2 A , I ) .  

Type 11. The r a t e  o f  t h e  r e c e p t o r  p u l s e s  i s  minimum i n  
t h e  v e r t i c a l  p o s i t i o n .  An i n c l i n a t i o n  t o  e i t h e r  s i d e  l e a d s  t o  a n  
i n c r e a s e  i n  t h e  r a t e  o f  t h e  p u l s e s  ( F i g .  2A, 1 1 ) .  

Type 111. The r a t e  o f  t h e  p u l s e s  d e c r e a s e s  d u r i n g  i n c l i 
t i o n  t o w a r d  t h e  l e a d ,  a n d  i n c r e a s e s  d u r i n g  i n c l i n a t i o n  i n  t h e  o p p o 
s i t e  d i r e c t i o n  ( F i g .  2B,IV). 

Type I V .  The 
n a t i o n  t o w a r d  t h e  l e a d ,  a n d  i n c r e a s e s  d u r i n g  i n c l i n a t i o n  i n  t h e  op
p o s i t e  d i r e c t i o n  ( F i g .  2B, IV). 

T h e s e  d a t a  c o i n c i d e  w i t h  t h e  r e s u l t s  o f  S c h o n e ' s  s t u d y  on  
f i s h ,  w h i c h  e s t a b l i s h e d  t h e  f a c t  t h a t  a n  o v e r w h e l m i n g  m a j o r i t y  o f  
n e u r o n s  i n  t h e  v e s t i b u l a r  n u c l e i  r e a c t  i n  a way s i m i l a r  t o  t h e  
r e c e p t o r s  o f  Type 11, a n d  p a r t  o f  t h e m  r e a c t  i n  a way s i m i l a r  t o  
Type I V .  C o m p a r a t i v e l y  f e w  n e u r o n s  r e a c t e d  i n  a way s i m i l a r  t o  
Type 11, a n d  n o  n e u r o n s  w e r e  o b s e r v e d  whose  i m p u l s e  a c t i v i t y  would  
b e  c h a r a c t e r i s t i c  o f  Type I C131. 
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T h e r e f o r e ,  w e  c a n  d r a w  t h e  c o n c l u s i o n  t h a t  t h e  r e c e p t o r s  o f  . / I : g1  
t h e  o t o l i t h  a p p a r a t u s  r e a c t  p r i m a r i l y  t o  t h e  f o r c e  d i r e c t e d  a c r o s s  
t h e  h a i r s  ( r e c e p t o r s  o f  T y p e s  I11 a n d  I V ) .  

S o  f a r ,  w e  h a v e  b e e n  s t u d y i n g  t h e  r e c e p t o r  m o d e l  as  a c e r t a i n  
c o n v e r t e r  o f  t h e  a n g l e  o r  i n c l i n a t i o n  o f  a n  a n i m a l ' s  h e a d  r e l a t i v e  
t o  t h e  v e r t i c a l ,  i n  e i t h e r  d i r e c t i o n .  L e t  u s  e x a m i n e  w h a t  t y p e  o f  
m o d e l  w e  c a n  h a v e  f o r  t h e  r e c e p t o r  r e a c t i o n  d u r i n g  t h e  a c t i o n  o f  a 
c o n s t a n t  a c c e l e r a t i o n .  

L e t  us  t u r n  t o  t h e  F i n c i p a l  c h a r a c t e r i s t i c s  o f  t h e  r e c e p t o r  
d e s c r i b e d  i n  E q u a t i o n s  (1) t o  ( 4 ) ,  f r o m  w h i c h  i t  f o l l o w s  t h a t ,  f o r  
a c o n s t a n t  d i r e c t i o n  o f  t h e  a c t i o n  of a c c e l e r a t i o n ,  t h e  r a t e  
of t h e  p u l s e s  c a n  b e  d e s c r i b e d  b y  t h e  f o l l o w i n g  t w o  t y p e s  o f  
e q u a t i o n s :  

R e c e p t o r  o f  Type A f = f 0  +k'G, 

f =/o -k*G,
R e c e p t o r  o f  Type B 

A 50 I- f=3l7+l5L!os(a-3llm) 

F i g .  2 .  R a t e  o f  R e c e p t o r  
P u l s e s  R e a c t i n g  t o  t h e  F o r c e  
D i r e c t e d  ( A )  A l o n g  a n d  (B) 
A c r o s s  t h e  H a i r s ,  i n  R e l a t i o n  
t o  t h e  A n g l e  o f  I n c l i n a t i o n .  
R i g h t  U t r i c l e .  I ,  11, 111, 
a n d  I V  a r e  t h e  T y p e s  o f  R e 
c e p t o r s .  

101 f&-l5Sin (a-303 
I I I I I 
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w h e r e  G i s  t h e  c o n s t a n t  a c c e l e r a t i o n  a c t z n g  o n  t h e  r e c e p t o r  a n dk *  i s  t h e  c o e f f i c i e n t  o f  t h e  r e c e p t o r ' s  S e n s i t i v i t y  t o  a c c e l e r a t i o n .  

However ,  t h e  l i n e a r  r e l a t i o n s h i p  b e t w e e n  t h e  r a t e  of t h e  
i m p u l s e s  a n d  t h e  v a l u e  f o r  t h e  a c c e l e r a t i o n a c t i n g  o n  a n  o r g a n i s m ,  
d e s c r i b e d  b y  E q u a t i o n s  ( 5 )  a n d  ( 6 1 ,  i s  p r o b a b l y  p r e s e r v e d  o n l y  w i t h i n  
a d e f i n i t e  r a n g e  f o r  t h e  a c c e l e r a t i o n .  On r e a c h i n g  a c e r t a i n  
v a l u e ,  t h e  d e p e n d e n c e  becomes  n o n - l i n e a r  ( F i g .  3 ) .  M o r e o v e r ,  t h e  
n o n - l i n e a r i t y  b e g i n s  t o  a p p e a r  e a r l i e r  i n  t h o s e  r e c e p t o r s  w h i c h  
h a v e  g r e a t e r  s e n s i t i v i t y ,  s i n c e  t h e  c o e f f i c i e n t s  o f  t h e  r e c e p t o r s  
s e n s i t F v i t y  e n j o y  t h e  f o l l o w i n g  r e l a t i o n s h i p :  

kf >kz >k', >k;. ( 7 )  

T h e r e  a r e  a l s o  s i m i l a r  r e l a t i o n s h i p s  f o r  t h e  c h a r a c t e r i s t i c s  
shown i n  F i g u r e  3 B ,  i f  w e  e x a m i n e  t h e  f o l l o w i n g  a b s o l u t e  v a l u e s  o f  
t h e  c o e f f i c i e n t s  o f  s e n s i t i v i t y :  

The p r e s e n c e  o f  a n o n - l i n e a r  s e g m e n t  i n  t h e  c h a r a c t e r i s t i c s  o f  
t h e  r e c e p t o r s ,  o c c u r r i n g  i n  t h e  c a s e  o f  a n  e f f e c t  o f  a s i g n i f i c a n t  
a c c e l e r a t i o n ,  l e a d s  t o  a s u b s t a n t i a l  c h a n g e  i n  t h e  c h a r a c t e r i s t i c  
of  t h e  r e c e p t o r  a f t e r  t h e  a c t i o n  o f  t h i s  a c c e l e r a t i o n  i s  
t e r m i n  a t  e d . 

F i g u r e  3 C  snows t h e  c h a r a c t e r i s t i c  f o r  t h e  m o d e l  o f  Type A 
d u r i n g  a n  i n c r e a s e  i n  a n  a c c e l e r a t i o n  t o  a c e r t a i n  v a l u e  Gv, 
when t h i s  c h a r a c t e r i s t i c  h a s  a n o n - l i n e a r  s e g m e n t .  T h i s  f i g u r e  a l s o  
shows t h e  c h a r a c t e r i s t i c  o f  t h e  same m o d e l  d u r i n g  a d e c r e a s e  i n  
t h e  v a l u e  f o r  t h e  a c c e l e r a t i o n s ,  f r o m  t h e  v a l u e  Gm t o  G = 1. 

We c a n  s e e  f r o m  F l g u r e  3 C  t h a t  t h e  p a t e  o f  p u l s e s  fop a 
r e c e p t o r  w h i c h  h a s  b e e n  s u b j e c t e d  t o  t h e  e f f e c t  of a n  a c c e l e r a t i o n  
w i l l  g r e a t l y  e x c e e d  t h e  r a t e  o f  t h e  p u l s e s  c o r r e s p o n d i n g  t o  /192 
t h e  v a l u e  f o r  t h e  a c c e l e r a t i o n  a c t i n g  a t  a g i v e n  moment o n  t h e  
r e c e p t o r .  T h i s  p r o b a b l y  c o u l d  a l s o  o c c u r  d u r i n g  w e i g h t l e s s n e s s  , 
f o l l o w i n g  t h e  p r e l i m i n a r y  e f f e c t  o f  s i g n i f i c a n t  a c c e l e r a t i o n s .  

T h e r e f o r e ,  d u r i n g  t h e  f i r s t  moment o f  t h e  o n s e t  o f  w e i g h t l e s s 
n e s s  a f t e r  t h e  s p a c e c r a f t  h a s  e n t e r e d  o r b i t ,  w e  c a n  e x p e c t  a n  i n 
c r e a s e  i n  t h e  e x c i t a b i l i t y  o f  t h e  F e c e p t o r s  i n  t h e  v e s t i b u l a r  a p p a 
rat u s  . 

E a r l i e r ,  we e x a m i n e d  t h e  c h a n g e s  i n  t h e  r a t e  o f  r e c e p t o r  
p u l s e s  i n  r e l a t i o n  t o  t h e  a n g l e  of i n c l i n a f i o n  o f  t h e  a n i m a l ' s  
h e a d ,  a n d  i n  r e l a t i o n  t o  t h e  v a l u e  for t h e  a c c e l e r a t i o n  u n d e r  t h e  
c o n d i t i o n  t h a t  t h e  c o e f f i c i e n t  o f  s e n s i t i v i t y  i s  e i t h e r  c o n s t a n t  or 
v a r i a b l e ,  b u t  s t r i c t l y  l i n k e d  w i t h  t h e  v a l u e  f o r  t h e  a n g l e  or t h e  
f o r c e  a c t i n g  on t h e  r e c e p t o r .  
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1 \\\ Linear segment  ofIf 7 3 ’1 \ \ \ y r a r a c t e r i s t i c s  

in a c c  

F i g .  3 .  C h a r a c t e r i s t i c s  o f  t h e  Model o f  a n  O t o l i t h  R e c e p t o r  
d u r i n g  A c c e l e r a t i o n .  

A c t u a l l y ,  s u c h  a s t r i c t  r e l a t i o n s h i p  w i l l  p r o b a b l y  n o t  b e  
f o u n d  as a r e s u l t  o f  t h e  v a r i a b i l i t y  i n h e r e n t  i n  b i o l o g i c a l  phenom
e n a .  

A s  a r e s u l t  o f  t h e  v a r i a b i l i t y  i n  t h e  c o e f f i c i e n t s  o f  s e n s i 
t i v i t y ,  t h e  r a t e  o f  t h e  p u l s e s  d u r i n g  r e p e a t e d  a c t i o n  o f  a 
g i v e n  f o r c e  c a n  v a r y .  

F i g u r e  5 D  shows t h e  a p p r o x i m a t e  r e l a t i o n s h i p s  �or t h e  f u n c t i o n s  
w e  a r e  s t u d y i n g ,  when t h e  v a r i a b i l i t y  o f  t h e  c o e f f i c i e n t s  i s  -+15% 
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of  t h e  a v e r a g e  v a l u e ,  w h i c h  i s  v e r y  c h a r a c t e r i s t t c  for a number  /19  3 
o f  b i o l o g i c a l  phenomena .  

T h e r e f o r e ,  t h e  r a t e  o f  r e c e p t o r  p u l s e s  i n  r e l a t i o n  t o  
t h e  v a l u e  o f  t h e  a c t i n g  a c c e l e r a t i o n  i s  a r andom f u n c t i o n  o f  t h i s  
p a r a m e t e r ,  i . e . ,  i t  c a n  a c h i e v e  r e l a t i v e l y  a v e r a g e  m a g n i t u d e s  o f  
a n y  v a l u e  w i t h i n  t h e  r a n g e  f r o m  +15  t o  - 1 5 % .  

Such  a f e a t u r e  o f  t h e  c h a r a c t e r i s t i c s  f o r  t h e  r e c e p t o r s  i s  
p r o b a b l y  a l s o  p r e s e r v e d  u n d e r  t h e  c o n d i t i o n s  o f  w e i g h t l e s s n e s s  , w h i c h  
d e t e r m i n e s  t o  a l a r g e  d e g r e e  ( i n  o u r  o p i n i o n )  t h e  f e a t u r e s  for t h e  
f u n c t i o n i n g  o f  t h e  v e s t i b u l a r  a p p a r a t u s  i n  t h i s  c a s e .  

C H A I N  S T R U C T U R E  OF THE O T O L I T H  SECTION I N  THE 
VE S T I  B U L A R  APPARATUS 

I n  d e v e l o p i n g  a m a t h e m a t i c a l  m o d e l  o f  t h e  v e s t i b u l a r  a p p a r a t u s  , 
w e  m u s t  a t t e m p t  t o  t r a c e  t h e  p a t h s  f o r  t h e  t r a n s m i s s i o n  o f  t h i s  
i n f o r m a t i o n  i n  t h e  h i g h e r  d i v i s i o n s  o f  t h e  c e n t r a l  n e r v o u s  s y s t e m ,  
g i v i n g  a m a t h e m a t i c a l  e x p r e s s i o n  for t h e  p r o c e s s e s  o f  r e c o d i n g  w h i c h  
c a n  t a k e  p l a c e .  

The e l e c t r i c  p u l s e s  f r o m  t h e  r e c e p t o r  ( t h e  v e s t i b u l a r  n e r v e )  
a l o n g  t h e  c o r r e s p o n d i n g  n e r v e  p a t h s ,  a p p e a r  a t  f i r s t  " a t  t h e  i n p u t "  
o f  o n e  o f  t h e  n e u r o n s  a t  t h e  S c a r p a  g a n g l i o n ,  a n d  t h e n  " a t  t h e  i n 
p u t "  o f  t h e  n e u r o n  o f  a v e s t i b u l a r  n u c l e u s .  

The u t r i c l e  a n d  t h e  s a c c u l e  c o n t a i n  t h e  g r e a t e s t  numbers  of 
r e c e p t o r s ,  e a c h  o f  w h i c h  i s  l i n k e d  i n  s e r i e s  w i t h  t h e  n e u r o n  o f  
t h e  S c a r p a  g a n g l i o n  a n d  t h e  v e s t i b u l a r  n u c l e u s .  

T h e r e f o r e  , t h e  o t o l i t h  s e c t i o n  o f  t h e  v e s t i b u l a r  a p p a r a t u s  h a s  
a c h a i n  s t r u c t u r e .  

T h e r e  a r e  n o  c r o s s - r e l a t i o n s h i p s  b e t w e e n  t h e  r e c e p t o r s  a n d  
t h e  n e u r o n s  o f  t h e  S c a r p a  g a n g l i o n ,  a c c o r d i n g  t o  c o n t e m p o r a r y  c o n 
c e p t s  o f  t h e  s t r u c t u r e  o f  t h i s  o r g a n .  T h i s  i n d i c a t e s  t h a t  i n  f u t u r e  
s t u d i e s  o f  t h i s  p r o b l e m  w e  c a n  e x a m i n e  t h e  v e s t i b u l a r  a p p a r a t u s  
f r o m  t h e  r e c e p t o r s  t o  t h e  n e u r o n s  o f  t h e  v e s t i b u l a r  n u c l e i  as a 
l a r g e  s e r i e s  o f  r e c e p t o r - n e u r o n  c h a i n s  , d i f f e r i n g  f r o m  one  a n o t h e r  
i n  d e f i n i t e  c h a r a c t e r i s t i c s .  

A s  f o r  s u c h  n e r v e  s t r u c t u r e s  as t h e  r e t i c u l a r  f o r m a t i o n ,  
v a r i o u s  i n t e r r e l a t i o n s h i p s  among t h e  n e u r o n s  p r o b a b l y  p l a y  a s i g 
n i f i c a n t  p a r t ,  w h i c h  s h o u l d  b e  c o n s i d e r e d  i n  s t u d y i n g  t h e  p r i n c i 
p l e s  o f  e n c o d i n g  t h e  i n f o r m a t i o n  c o n t a i n e d  i n  t h i s  n e r v e  f o r m a & n .  

T H E  V E S T I B U L A R  APPARATUS - A N  A U T O M A T I C  MEASURING 
A N D  C A L C U L A T I N G  D E V I C E  

We c a n  now c o n s i d e r  t h e  i n d i c a t i o n s  t h a t  t h e  r e c e p t o r s  o f  t h e  
a t r i u m  a r e  s t i m u l a t e d  d u r i n g  a c h a n g e  i n  t h e  p o s i t i o n  of t h e  body  
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i n  t h e  g r a v i t a t i o n a l  f i e l d ,  a n d  a l s o  d u r i n g  r a d i a l  a c c e l e r a t i o n s .  

I n  t h i s  c a s e ,  w e  f i n d  t h e  f i n i t e  f u n c t i o n  o f  t h e  u t r i c l e  a n d  / 1 9 4  
t h e  s a c c u l e  l i n k e d  w i t h  t h e  c o n t i n u o u s  e s t a b l i s h e d  r e f l e x e s  f o r  t h e  
m u s c l e s  o f  t h e  e x t r e m e t i e s ,  t h e  t r u n k ,  a n d  t h e  n e c k ,  a n d  w i t h  t h e  
s o - c a l l e d  s y m m e t r i c a l  a n d  a s y m m e t r i c a l  v e s t i b u l a r  r e f l e x e s  [ S I .  

Such a r e  t h e  p r i n c i p a l  f u n c t i o n s  of t h e  o t o l i t h  a p p a r a t u s  i n  
h i g h e r  a n i m a l s ,  f r o m  t h e  p o i n t  o f  v i e w  o f  p h y s i o l o g y .  From t h e  
p o i n t  o f  v i e w  o f  c y b e r n e t i c s ,  t h e  p r i n c i p a l  f u n c t i o n  o f  t h e  v e s t i b u 
l a r  a p p a r a t u s  i s  t h e  c o n t i n u o u s  m e a s u r e m e n t  o f  a number  o f  m e c h a n i 
c a l  v a l u e s  c h a r a c t e r i z i n g  t h e  p o s i t i o n  a n d  movement o f  t h e  o r g a n i s m  
i n  s p a c e .  T h i s  p r o c e s s  i s  p r o b a b l y  c a r r i e d  o u t  b y  t h e  r e c e p t o r  
f o r m a t i o n s - - t h e  o t o l i t h  s e c t i o n  a n d  t h e  s e m i c i r c u l a r  c a n a l s .  

I n  t h e  c e n t r a l  s e c t i o n  o f  t h e  v e s t i b u l a r  a p p a r a t u s  , t h e r e  
o c c u r  t h e  p r o c e s s e s  o f  d e v e l o p i n g  t h e  i n f o r m a t i o n  coming f r o m  t h e  
r e c e p t o r  f o r m a t i o n s .  The e s s e n c e  of t h e  l a t t e r  i s  f o u n d  i n  t h e  
d e t e r m i n a t i o n  o f  c e r t a i n  m e c h a n i c a l  v a l u e s  w h i c h  c h a r a c t e r i z e  t h e  
p o s i t i o n  a n d  t h e  movement o f  t h e  o r g a n i s m  i n  s p a c e ,  b u t  w h i c h  a r e  
n o t  m e a s u r e d  d i r e c t l y  by t h e  o t o l i t h  r e c e p t o r s  [SI. On t h e  b a s i s  
o f  t h e s e  d a t a ,  t h e  c o r r e s p o n d i n g  r e g u l a t i n g  s i g n a l s ,  w h i c h  g u a r a n 
t e e  t h e  n e c e s s a r y  c h a n g e s  i n  t h e  a n i m a l ’ s  p o s i t i o n  r e l a t i v e  t o  i t s  
l o c a t i o n  a n d  t h e  f o r c e s  a c t i n g  on i t ,  a r e  f o r m u l a t e d  i n  t h e  c e n t r a l  
d i v i s i o n  o f  t h e  v e s t i b u l a r  a p p a r a t u s .  

T h e r e f o r e  , t h e  v e s t i b u l a r  a p p a r a t u s  i s  a c e r t a i n  d e v i c e  w h i c h  
p r o v i d e s  f o r  c o n t i n u o u s  m e a s u r e m e n t  o f  t h e  v a l u e s  c h a r a c t e r i z i n g  
t h e  p o s i t i o n  a n d  t h e  movement o f  t h e  o r g a n i s m  i n  s p a c e ,  a n d  g u a r a n 
t e e i n g  a u t o m a t i c  r e g u l a t i o n  o f  t h e  m o t o r  o r g a n s ,  i n  o r d e r  t o  p r e 
s e r v e  e q u i l i b r i u m .  

COMPARISON OF THE PULSE R A T E  F O R  T H E  R I G H T  - H A N D  
A N D  T H E  L E F T - H A N D  APPARATUS--THE BASIC P R I N C I P L E  OF T H E I R  

P A I R E D  O P E R A T I O N  

Even a t  t h e  t i m e  o f  Hijgyes,  i t  w a s  w e l l  known t h a t  t h e  v e s t i 
b u l a r  a p p a r a t u s  o p e r a t e s  as a d o u b l e  o r g a n  [ 1 2 ] .  H a v i n g  s t u d i e d  
t h e  v e s t i b u l a r  r e f l e x e s  i n  t h e  e y e  m u s c l e s  o f  r a b b i t s ,  Hagyes  
drew t h e  c o n c l u s i o n  t h a t  e a c h  e y e  i s  a f f e c t e d  by b o t h  l a b y r i n t h s ,  
w h i l e  t h e r e  i s  c o n s t a n t  e x c i t a t i o n  f r o m  t h e  l a b y r i n t h s  t o  t h e  e y e  
m u s c l e s ,  n o t  o n l y  when t h e  a n i m a l  i s  i n  m o t i o n ,  b u t  a l s o  when i t  
i s  a t  r e s t .  

I n d e p e n d e n t l y  o f  H b g y e s ,  a n d  i n  a more  c o n c r e t e  f o r m ,  t h e  
c o n c e p t  o f  t h e  c o n t i n u o u s  a c t i v a t i o n  o f  t h e  r e c e p t o r s  o f  t h e  s emi 
c i r c u l a r  c a n a l s  w a s  f o r m u l a t e d  b y  V . M .  B e k h t e r e v  [11, who showed 
t h a t  t h e  m o t o r  r e a c t i o n s  c a u s e d  b y  i n t e r s e c t i o n  o f  t h e  V I I I t h  n e r v e  
c a n  c o m p l e t e l y  s u p p r e s s  i n t e r s e c t i o n  o f  t h e  o p p o s i t e  n e r v e .  

T h e r e f o r e  , i n  s t u d y i n g  t h e  f u n c t i o n s  o f  t h e  v e s t i b u l a r  a p p a r a 
tus, many a u t h o r s  h a v e  m a i n t a i n e d  t h a t  t h e r e  were  r e l a t i o n s h i p s  
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b e t w e e n  t h e  r i g h t - h a n d  a n d  t h e  l e f t - h a n d  a p p a r a t u s .  However , t h e s e  

s t u d i e s  d i d  n o t  a n s w e r  t h e  q u e s t i o n  r e g a r d i n g  t h e  c h a r a c t e r  o f  / 1 9 5  

t h e s e  r e l a t i o n s h i p s  a n d  t h e  q u a n t i t a t i v e  r u l e s  w h i c h  a p p l y  i n  t h i s  

case .  


We d r e w  t h e  h y p o t h e s i s  t h a t  t h e  b a s i c  p r i n c i p l e  o f  t h e  p a i r e d  
o p e r a t i o n  o f  t h e  v e s t i b u l a r  a p p a r a t u s  i s  t h e  c o m p a r i s o n  o f  t h e  
r a t e s  c o m i n g  f r o m  t h e  r e ' c e p t o r  f o r m a t i o n s  o f  t h e  r i g h t - h a n d
a n d  l e f t - h a n d  a p p a r a t u s ,  a c c o m p l i s h e d  b y  a c e r t a i n  " i n t e g r a t o r "  
C 6 - 8 1 .  I n  t h i s  c a s e ,  w e  a r e  n o t  a s s u m i n g  t h a t  t h e r e  i s  a s p e c i a l  
n e r v e  s t r u c t u r e  w h i c h  a c t s  as t h e  " i n t e g r a t o r " .  I t  i s  p o s s i b l e  
t h a t  t h e  c o m p a r i s o n  o f  t h e  p u l s e  r a t e s  a n d  t h e  i s o l a t i o n  o f  
a v a r y i n g  r a t e  i s  a c c o m p l i s h e d  b y  s u c h  a c c u m u l a t i o n s  of  n e u r o n s  
as t h e  v e s t i b u l a r  n u c l e i  or t h e  r e t i c u l a r  f o r m a t i o n .  

The h y p o t h e s i s  w e  p r e s e n t e d  w a s  c o n f i r m e d  b y  t h e  e x p e r i m e n t a l  
s t u d y  o f  G . I .  G o r g i l a d z e  C 5 , 9 1 .  

The l a t t e r ,  h a v i n g  s t u d i e d  t h e  m e c h a n i s m s  f o r  t h e  p a i r e d  o p e r 
a t i o n  o f  t h e  v e s t i b u l a r  a p p a r a t u s  i n  a n i m a l s  b y  s t i m u l a t i n g  t h e  
l a b y r i n t h s  w i t h  d i r e c t  c u r r e n t  , drew t h e  c o n c l u s i o n  t h a t  t h e r e  a r e  
i n h i b i t i n g  n e u r o n s  b e t w e e n  t h e  r i g h t - h a n d  a n d  t h e  l e f t - h a n d  v e s t i 
b u l a r  n u c l e i .  

The p r e s e n c e  o f  a n  " i n t e g r a t o r "  c a n  e x p l a i n  t h e  f u n c t i o n s  a n d  
t h e  p r i n c i p l e s  o f  t h e  a c t i o n  o f  t h e  m e c h a n i s m s  w h i c h  r e g u l a t e  t h e  
f l i g h t  o r g a n i s  o f  b i r d s  t o  f l y ,  as w e l l  as . t h e  c h a r a c t e r  o f  t h e  
movement o f  a n i m a l s  a n d  b i r d s  w i t h  p a r t i a l l y - r e m o v e d  o t o l i t h  a p p a 
r a t u s .  

R E A C T I O N  OF THE M O D E L  D U R I N G  THE E F F E C T  OF R O C K I N G  A N D  
WEIGHTLESSNESS O N  T H E  ORGANISM 

Very i n t e r e s t i n g  r e l a t i o n s h i p s  c a n  b e  o b t a i n e d  i n  e x a m i n i n g  
t h e  f u n c t i o n  o f  t h e  m o d e l  d u r i n g  t h e  e f f e c t  o f  m e c h a n i c a l  o s c i l l a 
t i o n s  o f  low r a t e  ( r o c k i n g )  a n d  w e i g h t l e s s n e s s  on  t h e  o r g a n i s m .  

N e u r o n s  

F i g .  4 .  S c h e m a t i c  Diagram o f  
t h e  Model  o f  t h e  V e s t i b u l a r  
A p p a r a t u s  d u r i n g  R o c k i n g .  

A c t u a l l y ,  t h e  o u t p u t  v a l u e  o f  t h e  " i n t e g r a t o r "  c a n  t a k e  t h e  
f o l l o w i n g  f o r m  ( F i g .  4 ) :  

t t 

F ( 1 )  =	i h l  (1 yz)Gl(z)df- ( t  -r)Ga (z)dfy 
(9)
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w h e r e  hl(t) a n d  h2(t) a r e  t h e  p u l s e  t r a n s i t i o n a l  f u n c t i o q s  o f  t h e  /196 
c h a i n  o f  r e c e p t o r  n e u r o n s  f o r  t h e  r i g h t - h a n d  a n d  l e f t - h a n d  u t r i c l e s ;  
Gl(t) a n d  G2(t) a r e  f u n c t i o n s  o f  t h e  a c t i o n  of an  a c c e l e r a t i o n  o n  
t h e  r i g h t - h a n d  a n d  l e f t - h a n d  u t r i c l e s .  

D u r i n g  t h e  a c t i o n  on an o r g a n i s m  o f  m e c h a n i c a l  v i b r a t i o n s  w i t h  
low r a t e  ( r o c k i n g ) , ' w h e n  t h e  v a l u e  f o r  t h e  a c c e l e r a t i o n  

a c t i n g  on t h e  r i g h t - h a n d  a n d  l e f t - h a n d  u t r i c l e s  i s  i d e n t i c a l ,  t h e  

o u t p u t  v a l u e  o f  t h e  ' i n t e g r a t o r "  w i l l  t a k e  t h e  f o l l o w i n g  f o r m :  


t 

w h e r e  w i s  t h e  r a t e  of  t h e  m e c h a n i c a l  v i b r a t i o n s  a c t i n g  o n  t h e  
o r g a n i s m .  

We c a n  show,  b y  s o l v i n g  (lo), t h a t  d u r i n g  a l o n g  p e r i o d  o f  
r o c k i n g  , when a l l  t h e  a p e r i o d i c  c o m p o n e n t s  a r e  e l i m i n a t e d ,  t h e  
o u t p u t  v a l u e  f o r  t h e  ' I n t e g r a t o r "  i s  d e t e r m i n e d  i n  t h i s  way: 

F ( t )= hGsin (ut+(p) ( 1 1 )  

w h e r e  @ i s  t h e  p h a s e  s h i f t  b e t w e e n  t h e  a c t i n g  f o r c e  a n d  t h e  p u l s e  
r a t e  a t  t h e  " i n t e g r a t o r "  o u t p u t .  

The c a u s e  f o r  t h e  a p p e a r a n c e  o f  t h e  component  a t  t h e  " i n t e g r a 
t o r "  o u t p u t  d u r i n g  r o c k i n g  i s  t h e  p r e s e n c e  o f  a d i f f e r e n c e  i n  t h e  
c h a r a c t e r i s t i c s  of t h e  r e c e p t o r - n e u r o n  c h a i n s  i n  t h e  l e f t - h a n d  a n d  
t h e  r i g h t - h a n d  u t r i c l e s .  The more t h e  c h a r a c t e r i s t i c s  for t h e  
c h a i n s  o f  r e c e p t o r s - n e u r o n s  i n  t h e  r i g h t  a n d  l e f t  u t r i c l e s  d i f f e r ,  
t h e  g r e a t e r  t h e  c o e f f i c i e n t  A i n  E q u a t i o n  (11) a n d  t h e r e f o r e  t h e  
g r e a t e r  t h e  o u t p u t  v a l u e  f o r  t h e  " i n t e g r a t o r " .  For an  i d e a l  a g r e e 
ment  b e t w e e n  t h e s e  c h a r a c t e r i s t i c s  , t h e  o u t p u t  v a l u e  f o r  t h e  " i n t e 
g r a t o r "  d u r i n g  t h e  r o c k i n g  w o u l d  a l w a y s  h a v e  t o  b e  e q u a l  t o  z e r o .  

When t h e  o r g a n i s m  i s  i n  a s t a t e  of  w e i g h t l e s s n e s s ,  t h e  r e c e p t o r s  
i n  t h e  o t o l i t h  s e c t i o n  o f  t h e  v e s t i b u l a r  a p p a r a t u s  w i l l  p e r c e i v e  
random d i s p l a c e m e n t s  o f  t h e  membrane ,  b e c a u s e  o f  a l a c k  o f  e q u i l i b 
r i u m  i n  t h e  n e u t r a l  c o n d i t i o n  ( F i g .  5 ) .  The l a t t e r  c i r c u m s t a n c e  
c a u s e s  t h e  v a l u e  f o r  t h e  p r e s s u r e  o f  t h e  membranes on  t h e  h a i r s  o f  
t h e  r e c e p t o r s  i n  t h e  r i g h t  a n d  l e f t  u t r i c l e s  t o  v a r y ,  w h i l e  t h e  
c h a n g e  w i l l  b e  random i n  t i m e .  

T h i s  means t h a t  e v e n  when t h e  c h a r a c t e r i s t i c s  f o r  t h e  c h a i n s  
o f  t h e  l e f t  a n d  r i g h t  u t r i c l e s  a r e  i d e n t i c a l ,  t h e  o u t p u t  v a l u e  f o r  
t h e  " i n t e g r a t o r "  w i l l  n o t  b e  e q u a l  t o  z e r o ,  as c o u l d  h a p p e n  d u r i n g  
r o c k i n g .  

When a random s i g n a l  a p p e a r s  a t  t h e  i n p u t  f o r  t h e  l i n e a r  
d y n a m i c  s y s t e m ,  t h e  o u t p u t  v a l u e  o f  t h e  l a t t e r  c a n  b e  r e p r e s e n t e d  
o n l y  w i t h  t h e  a i d  o f  t h e  s t a t i s t i c a l  c h a r a c t e r i s t i c s .  I t  i s  w e l l  
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known t h a t  t h e  l a t t e r  m o s t  f r e q u e n t l y  d e t e r m i n e  t h e  m a t h e m a t i c a l  /197 
e x p e c t a t i o n  a n d  t h e  c o r r l a t i o n  f u n c t i o n  [ 4 ,  lo]. 

I n  our c a s e ,  t h e  m a t h e m a t i c a l  e s t i m a t e  o f  t h e  o u t p u t  v a l u e  f o r  
t h e  i n t e g r a t o r  MF(t) i s  d e t e r m i n e d  b y  t h e  f o l l o w i n g  r e l a t i o n s h i p :  

w h e r e  Mi(t) a n d  M2(t) a r e  t h e  m a t h e m a t i c a l  e s t i m a t e  f o r  t h e  d e g r e e  
o f  p r e s s u r e  i n  t h e  membrane on t h e  h a i r s  o f  t h e  r e c e p t o r s  o f  t h e  
r i g h t  a n d  l e f t  u t r i c l e s .  

Neurons 

F i g .  5 .  S c h e m a t i c  D i a g r a m  o f  
In t eg ra to r  t h e  Model  o f  t h e  V e s t i b u l a r  

A p p a r a t u s  d u r i n g  W e i g h t l e s s 
n e s s .  

For t h e  c o r r e l a t i o n  f u n c t i o n ,  t h e ‘ f o l l o w i n g  e x p r e s s i o n  w i l l  
b e  v a l i d :  

t :’ 
K F ( t ,  t ’ )  = 	S S h ( t - z ) h ( t ’ - r ’ ) [ K , ( t ,  z’) - I<,(z, r’)]dzdz’, 

0 0  (13) 

w h e r e  Kl(t,t’) a n d  K2(t,tr) a r e  t h e  c o r r e l a t i o n  f u n c t i o n s  f o r  t h e  
r e l a t i o n s h i p  i n  t i m e  o f  t h e  p r e s s u r e  a t  t h e  h a i r s  o f  t h e  r e c e p t o r s  
i n  t h e  membranes o f  t h e  r i g h t  a n d  l e f t  u t r i c l e s .  

I n  o r d e r  f o r  t h e  o u t p u t  v a l u e  for t h e  “ i n t e g r a t o r ”  t o  b e  e q u a l  
t o  z e r o  w h i l e  t h e  o r g a n i s m  i s  i n  w e i g h t l e s s n e s s ,  i t  i s  n e c e s s a r y  
Cas f o l l o w s  f r o m  (12) a n d  (1311, t h e  t h e  f o l l o w i n g  c o n d i t i o n s  b e  
f u l f i l l e d  : 

We c a n  e a s i l y  s e e  t h a t  w e  c a n  h a v e  t h e s e  r e l a t i o n s h i p s  o n l y  i n  
t h e  case when t h e  c h a n g e s  i n  t h e  p r e s s u r e  o f  t h e  membranes on  t h e  
h a i r s  o f  t h e  r e c e p t o r s  i n  t h e  r i g h t  a n d  l e f t  u t r i c l e s  a r e  p r o d u c e d  
s i m u l t a n e o u s l y  a n d  a c c o r d i n g  t o  s i m i l a r  r u l e s .  S i n c e  s u c h  a 
phenomenon i s  i m p o s s i b l e  d u r i n g  w e i g h t l e s s n e s s ,  t h i s  w i l l  o b v i o u s l y  
l e a d  t o  t h e  a p p e a r a n c e  o f  a c e r t a i n  component  a t  t h e  “ i n t e g r a t o r “  
o u t p u t .  
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T h e r e f o r e ,  d u r i n g  t h e  a c t i o n  on a n  o r g a n i s m  o f  p e r i o d i c  v i b r a - / 1 9 8  
t i o n s  a t  t h e  o u t p u t  o f  t h e  " i n t e g r a t o r " ,  t h e r e  i s  a componen t  w h i c h  
a r i s e s  as a r e s u l t  o f  t h e  l a c k  o f  i d e n t i t y  b e t w e e n  t h e  c h a r a c t e r i s 
t i c s  of t h e  r e c e p t o r - n e u r o n  c h a i n s  i n  t h e  r i g h t  a n d  l e f t  u t r i c l e s .  
I n  t h e  case o f  w e i g h t l e s s n e s s ,  s u c h  a componen t  a p p e a r s  e v e n  when 
t h e s e  c h a r a c t e r i s t i c s  a r e  a b s o l u t e l y  i d e n t i c a l .  The d i f f e r e n c e  
b e t w e e n  t h e  l a t t e r  p r o b a b l y  i n c r e a s e s  t h i s  l l componen t ' r .  

S u b s e q u e n t l y ,  t h e  p r o c e s s e s  w h i c h  o c c u r  i n  t h e  p r o p o s e d  
e l e m e n t a r y  m o d e l  o f  t h e  v e s t i b u l a r  a p p a r a t u s  d u r i n g  t h e  a c t i o n  o f  
r o c k i n g  a n d  w e i g h t l e s s n e s s  p r o d u c e  r o u g h l y  t h e  same e f f e c t ,  i . e . ,  
t h e  a p p e a r a n c e  o f  a componen t  a t  t h e  " i n t e g r a t o r "  o u t p u t .  

From a n  a n a l y s i s  o f  t h e  p r o p e r t i e s  o f  t h e  m o d e l ,  i t  f o l l o w s  
t h a t  a good  t o l e r a n c e  f o r  a g i v e n  i n d i v i d u a l  t o  r o c k i n g ,  e x p l a i n e d  
by  a n  a g r e e m e n t  b e t w e e n  t h e  c h a r a c t e r i s t i c s  f o r  t h e  r i g h t  a n d  l e f t  
" c h a n n e l s " ,  c a n  n e v e r  i n d i c a t e  a g o o d  t o l e r a n c e  t o  w e i g h t l e s s n e s s .  

T h e s e  a r e  t h e  c o n c l u s i o n s  o f  a n  a n a l y s i s  o f  t h e  p r o p e r t i e s  i n  
t h e  mode l  b e i n g  e x a m i n e d .  F u r t h e r  s t u d i e s  i n  e x a m i n i n g  a n d  p e r f e c t 
i n g  t h e  m o d e l  i t s e l f  may p o s s i b l y  a i d  n o t  o n l y  i n  e x p l a i n i n g  t h e  
i n d i v i d u a l  f u n c t i o n s  o f  t h e  v e s t i b u l a r  a p p a r a t u s  , b u t  p e r h a p s  a l s o  
i n  f i n d i n g  ways f o r  r e g u l a t i n g  t h e s e  f u n c t i o n s .  
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APPLYING CORRELATION ANALYSIS TO A ST'IIDY OF THE REACTION 
OF SINGLE NERVE ELEMENTS I N  THE CEREBRUM OF CATS TO 
STIMULATION OF THE VESTIBULAR APPARATUS BY ROCKING 

M . G .  K u t a t e l a d z e ,  N . V .  M e r a b i s h v i l i ,  a n d  M . D .  V e n t t s e l '  

ABSTRACT: The r e a c t i o n s  of s i n g l e  n e r v e  ceZZs i n  
t h e  v i s u a 2  r e g i o n  of t h e  cerebra2  c o r t e x  ( 1 7 - 1 8 t h
r e g i o n  a c c o r d i n g  t o  Broadman) and of t h e  r e t i c u l a r  
f o r m a t i o n  of t h e  meduZZa o b l o n g a t a  ( n .  g igan toceZZ
u2ar i . s )  were  examined in c a t s  dur ing  r o c k i n g .  The 
microe  Zec t rode  t e c h n i q u e  was u s e d  f o r  r e c o r d i n g
t h e  p o t e n t i a Z s  of t h e  e f f e c t .  The r e s u l t s  of 
anaZyz ing  t h e  change i n  t h e  f r e q u e n c y  of r e s p o n s e
showed t h a t  a change in t h e  puZse r a t e  is 
o b s e r v e d  i n  b o t h  r e g i o n s  dur ing  r o c k i n g .  In e x 
amining  t h e  r a t e  f o r  t h e  same neurons ,  
w i t h  t h e  a i d  of t h e  c o r r e l a t i o n  a n a l y s i s ,  i t  was 
found  t h a t  t h e  r e a c t i o n  t o  t h e  magni tude  o f  t h e  
r o c k i n g  is o b s e r v e d  in t h e  r e t i c u l a r  f o r m a t i o n  of 
t h e  meduZla o b l o n g a t a ,  and is n o t  o b s e r v e d  in t h e  
v i s u a 2  r e g i o n  of t h e  c o r t e x .  

The p r a c t i c e  o f  a s t r o n a u t i c s  h a s  s t i m u l a t e d  a n  i n t e r e s t  i n  / 1 9 9  
t h e  f u n c t i o n  o f  t h e  v e s t i b u l a r  a n a l y z e r  u n d e r  s p e c i f i c  f l i g h t  
c o n d i t i o n s ,  p a r t i c u l a r l y  d u r i n g  t h e  a c t i o n  o f  c h a n g e s  i n  t h e  g r a v i 
t a t i o n a l  f i e l d  on t h e  o r g a n i s m .  

I t  i s  w e l l  known,  i n  p a r t i c u l a r ,  t h a t  d u r i n g  f l i g h t  c e r t a i n  
a s t r o n a u t s  h a d  i l l u s i o n s  r e g a r d i n g  t h e i r  p o s i t i o n  i n  s p a c e ,  a n d  
showed c h a n g e s  i n  m o t i o n  c o o r d i n a t i o n  a n d  c e r t a i n  v e g e t a t i v e  c h a n g e s .  

D u r i n g  t h e  f o r m a t i o n  o f  t h e s e  r e a c t i o n s ,  t h e  f u n c t i o n a l  
i n t e r r e l a t i o n s h i p s  b e t w e e n  t h e  v e s t i b u l a r  a n a l y z e r  a n d  v a r i o u s  
d i v i s i o n s  of  t h e  c e n t r a l  n e r v o u s  s y s t e m  o b v i o u s l y  p l a y  a n  i m p o r t a n t  
r o l e .  The e x p e r i m e n t a l  n e u r o p h y s i o l o g i c a l  d a t a  on t h i s  a r e  l i m i t e d .  
The p u r p o s e  of t h i s  a r t i c l e  i s  t o  a n a l y z e  t h e  r e a c t i o n  o f  s i n g l e  
n e r v e  e l e m e n t s  i n  t h e  v i s u a l  r e g i o n  o f  t h e  c e r e b r a l  c o r t e x  ( 1 7 
1 8 t h  r e g i o n  a c c o r d i n g  t o  Broadman)  a n d  i n  t h e  r e t i c u l a r  f o r m a t i o n  
o f  t h e  m e d u l l a  o b l o n g a t a  ( n .  g i g a n t o c e l l u l a r i s )  i n  c a t s  d u r i n g  
a d e q u a t e  s t i m u l a t i o n  of t h e  o t o l i t h  a p p a r a t u s  b y  r o c k i n g .  

M E T H O D S  

The e x p e r i m e n t s  were  c o n d u c t e d  on a n e s t h e t i z e d  c a t s  w e i g h i n g  
2 . 5 - 4  k g .  I n  t h e  e x p e r i m e n t s  w i t h  t h e  r e t i c u l a r  f o r m a t i o n  o f  t h e  
m e d u l l a  o b l o n g a t a ,  w e  u s e d  a c h l o r a l o s e - n e m b u t a l  a n e s t h e s i a  ( 4 0  
mg/kg o f  c h l o r a l o s e  a n d  1 5  mg/kg o f  n e m b u t a l ,  g i v e n  i n t r a p e r i t o n e a l l y ) ,  

2 1 1  



w h i l e  i n  t h e  e x p e r i m e n t s  w i t h  t h e  c o r t e x  w e  u s e d  c u r a r i z a t i o n  ( a s 
p l a c i n ,  5 mg/kg;  t h e  a n i m a l  w a s  g i v e n  a r t i f i c i a l  r e s p i r a t i o n ) .  

The c o m m i s u r a l  a c t i v i t y  o f  i n d i v i d u a l  n e r v e  e l e m e n t s  w a s  
r e c o r d e d  e x t r a c e l l u l a r l y ,  w i t h  t h e  a i d  o f  g l a s s  m i c r o e l e c t r o d e s  ; 
t h e  e x t e r n a l  d i a m e t e r  o f  t h e  t i p  was 1-21.1. The m i c r o e l e c t r o d e s  
w e r e  f i l l e d  w i t h  a 3 m o l a r  s o l u t i o n  o f  K C 1 .  

The m i c r o e l e c t r o d e s  w e r e  i n s e r t e d  w i t h  t h e  a i d  o f  a s t e r e o t a x i c  
d e v i c e .  The l o c a t i o n  o f  t h e  m i c r o e l e d r o d e s  i n  t h e  r e t i c u l a r  f o r 
m a t i o n  w a s  d e t e r m i n e d  a f t e r  f i x a t i o n  o f  t h e  b r a i n  i n  f o r m a l i n  
a n d  s t a i n i n g  o f  c e l l o i d i n  s e c t i o n s .  

The r e s p i r a t i o n a l  a n d  c a r d i o v a s c u l a r  p u l s a t i o n s  o f  t h e  b r a i n  
w e r e  d e c r e a s e d  d u r i n g  t h e  e x p e r i m e n t  by d r a i n i n g  t h e  c i s t e r n a  
magne ,  p n e u m o t h o r a x ,  a n d  a d d i t i o n  o f  a g a r - a g a r  ( 3 7 O ) .  

The a n i m a l s ,  t o g e t h e r  w i t h  t h e  s t e r e o t a x i c  d e v i c e ,  w e r e  p l a c e d  / 2 0 0  
i n  a d a r k  s h i e l d e d  c a g e  on an e x p e r i m e n t a l  s t a n d ,  w h i c h  a l l o w e d  
s t i m u l a t i o n  o f  t h e  o t o l i t h  a p p a r a t u s .  ( V e r t i c a l  d i s l o c a t i o n  w i t h  
a l i n e a r  a c c e l e r a t i o n  o f  0 . 1 - 2  g ) .  

The p u l s e s  f r o m  a s i n g l e  n e u r o n  w e r e  r e c o r d e d  w i t h  t h e  a i d  o f  
a d u a l - b e a m  o s c i l l o s c o p e .  

The p r e l i m i n a r y  p r o c e s s i n g  o f  t h e  s i g n a l s  w a s  made by c a l c u 
l a t i n g  t h e  number  o f  p u l s e s  p e r  s e c o n d  a n d  by a v e r a g i n g  t h e  d a t a  
o b t a i n e d  b e f o r e  r o c k i n g ,  d u r i n g  r o c k i n g ,  a n d  a f t e r  r o c k i n g .  The 
r e a c t i o n  o f  t h e  n e u r o n  t o  t h e  r o c k i n g  w a s  de te rmined  a c c o r d i n g  t o  
t h e  c h a n g e  i n  t h e  a v e r a g e  p u l s e  r a t e  d u r i n g  t h e s e  t h r e e  p e r i o d s .  
Such a me thod  o f  c a l c u l a t i o n  p r o v e d  t o  b e  v e r y  a p p r o x i m a t e ,  a n d  i t  
d i d  n o t  a l w a y s  g u a r a n t e e  d e t e r m i n a t i o n  o f  t h e  d e g r e e  o f  t h e  n e u r o n ‘ s  
r e a c t i o n  t o  r o c k i n g .  

I n  o r d e r  t o  o b t a i n  a more p r e c i s e  e v a l u a t i o n ,  we u s e d  t h e  
me thod  o f  c o r r e l a t i o n  a n a l y s i s ,  wh ich  p r o v i d e d  f o r  i s o l a t i n g  t h e  
p e r i o d i c i t y  o f  t h e  s i g n a l s  a g a i n s t  t h e  n o i s e  b a c k g r o u n d .  I n  o u r  
c a s e ,  t h e  p e r i o d i c  s i g n a l  w a s  t h e  r o c k i n g .  ( T h e  c h a n g e  o f  t h e  
v a l u e  f o r  t h e  a c c e l e r a t i o n  w a s  s i n u s o i d a l ) .  

For a r e f e r e n c e  f o r m u l a ,  we u s e d  t h e  f o l l o w i n g :  

w h e r e  R X ( - r )  i s  t h e  v a l u e  f o r  t h e  n o r m a l i z e d  c o r r e l a t i o n  f u n c t i o n :  
X i  i s  t h e  v a l u e  f o r  t h e  i n t e r c o m m i s u r a l  i n t e r v a l ;  M, i s  t h e  a v e r a g e  
v a l u e  f o r  t h e  i n t e r c o m m i s u r a l  i n t e r v a l ,  M, = Exi /n;  D, i s  t h e  d i s 
p e r s i o n  f o r  d i s t r i b u t i o n  o f  t h e  i n t e r c o m m i s u r a l  i n t e r v a l s ,  
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n i s  t h e  t o t a l  number  o f  i n t e r v a l s  b e i n g  s t u d i e d ;  a n d  T i s  t h e  
s e q u e n c e  number  f o r  t h e  i n t e r v a l ,  T = 0 , 1 , 2 , 3 ,  ...n. 

The d e t e r m i n a t i o n  o f  t h e  c h a n g e  i n  t h e  i n t e r c o m m i s u r a l  i n t e r 
v a l s  i s  a c o m p l i c a t e d  a n d  d i f f i c u l t  o p e r a t i o n .  I n  o r d e r  t o  i n t r o 
d u c e  t h e  v a l u e s  f o r  t h e  i n t e r c o m m i s u r a l  i n t e r v a l s  i n t o  t h e  c o m p u t e r ,  
w e  u s e d  a n  a p p a r a t u s  f o r  s e m i - a u t o m a t i c  r e a d - o u t  o f  t h e  i n f o r m a t i o n ,  
wh ich  p r o v i d e d  for t r a n s f e r r i n g  t h e  v a l u e  f o r  t h e  i n t e r c o m m i s u r a l  
i n t e r v a l s  d i r e c t l y  o n t o  p u n c h e d  t a p e ,  on a d e f i n i t e  s c a l e ,  w h i l e  
t h e  image  on  t h e  p h o t o g r a p h i c  f i l m ,  w i t h  t h e  i m p u l s e  o f  t h e  n e u r o n  
r e c o r d e d  on i t ,  w a s  e n l a r g e d .  C a l c u l a t i o n  o f  t h e  c o r r e l a t i o n  f u n c 
t i o n s  w a s  made on a “Dnepr -1”  c o m p u t e r .  The r e s u l t s  o f  t h e  c a l c u 
l a t i o n s  were  t r a n s f e r r e d  t o  g r a p h s ,  a n d  t h e n  f e d  i n t o  t h e  c o m p u t e r  
a g a i n ,  w h i c h  d e t e r m i n e d  t h e  p e r i o d  o f  t i m e  a n d  t h e  a m p l i t u d e  o f  t h e  
p e r i o d i c  c o m p o n e n t s  w i t h  t h e  a i d  o f  t h e  me thod  o f  l e a s t  s q u a r e s .  
For t h e  o r i g i n a l  c u r v e ,  w e  s e l e c t e d  t h e  f o l l o w i n g ;  

R (z) = Al-“‘ +B COS (OZ -~ p ) ,  

w h e r e  t h e  unknown p a r a m e t e r s  a r e  A ,  a ,  w ,  B y  a n d  4 .  A f t e r  t h e  c a l - /201 
c u l a t i o n s ,  t h e  m a c h i n e  p r i n t e d  t h e  v a l u e  for t h e s e  p a r a m e t e r s ,  a n d  
a l s o  t h e  v a l u e  for t h e  p o i n t s  on  t h e  a p p r o x i m a t i n g  c u r v e .  The 
l a t t e r  w e r e  t r a n s f e r r e d  t o  g r a p h s  o f  t h e  c o r r e l a t i o n  f u n c t i o n .  
S i n c e  t h e  c o r r e l a t i o n  f u n c t i o n  o b t a i n e d  i s  n o t  a f u n c t i o n  o f  t i m e ,  
b u t  a f u n c t i o n  o f  t h e  number  o f  t h e  i n t e r c o m m i s u r a l  i n t e r v a l ,  t h e  
t i m e  v a l u e  for t h e  p e r i o d  o f  o s c i l l a t i o n s  o f  t h e  c o r r e l a t i o n  f u n c 
t i o n  w a s  d e t e r m i n e d  a c c o r d i n g  t o  t h e  f o l l o w i n g  f o r m u l a :  

w h e r e  n l  i s  t h e  number  o f  p o i n t s  o b t a i n e d  f r o m  t h e  s e m i - a u t o m a t i c  
s y s t e m  f o r  t h e  i n f o r m a t i o n  o u t p u t  a t  an  i n t e r v a l  o f  1 s e c ;  n2 i s  
t h e  number  o f  p o i n t s  f i t t e d  i n t o  o n e  p e r i o d  o f  t h e  c o r r e l a t i o n  f u n c 
t i o n .  

The r e s u l t s  o f  t h e  c a l c u l a t i o n s  a c c o r d i n g  t o  t h i s  m e t h o d  a r e  
g i v e n  b e l o w .  

We s h o u l d  n o t e  t h a t  t h e  m e t h o d  a p p l i e d  f o r  p r o c e s s i n g  t h e  d a t a  
p r o d u c e d  g o o d  r e s u l t s  d u r i n g  s t i m u l a t i o n  o f  t h e  a n i m a l  b y  a n y  
p e r i o d i c  s i g n a l  ( l i g h t ,  s o u n d y  e t c .  ), p a r t i c u l a r l y  i n  t h o s e  cases  
when t h e  r e a c t i o n  o f  t h e  n e u r o n  t o  a s i n g l e  s t i m u l a t i o n  c a n n o t  
b e  d e t e c t e d  by  g e n e r a l l y - a c c e p t e d  m e t h o d s .  

RE S U L  TS 

We r e c o r d e d  t h e  e l e c t r i c  a c t i v i t y  f r o m  80 n e u r o n s  i n  t h e  
v i s u a l  r e g i o n  o f  t h e  c e r e b r a l  c o r t e x .  The p u l s e  r a t e  w h i l e  
a t  r e s t  v a r i e d  f r o m  8 t o  2 2  p u l s e s  p e r  s e c o n d .  D u r i n g  r o c k i n g ,  
5 2  n e u r o n s  ( 6 5 % )  i n c r e a s e d  t h e i r  a c t i v i t y ,  w h i l e  2 8  n e u r o n s  ( 3 5 % )  
d e c r e a s e d  t h e i r  a c t i v i t y .  
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We r e c o r d e d  t h e  i m p u l s e s  f r o m  1 1 0  n e u r o n s  i n  t h e  r e t i c u l a r  
f o r m a t i o n  o f  t h e  m e d u l l a  o b l o n g a t a .  1 9  o f  t h e s e  n e u r o n s  ( 1 7 . 2 % )  
d i d  n o t  h a v e  s p o n t a n e o u s  a c t i v i t y :  t h e y  were  a c t i v a t e d  d u r i n g  t h e  
r o c k i n g .  9 1  n e u r o n s  ( 8 2 . 8 % )  h a d  s p o n t a n e o u s  a c t i v i t y  a t  a 
r a t e  f r o m  0 . 4  t o  5 1  p e r  s e c o n d .  

The n e u r o n s  o f  t h e  r e t i c u l a r  f o r m a t i o n  i n  t h e  m e d u l l a  o b l o n g a t a  
were  d i v i d e d  i n t o  t h e  f o l l o w i n g  t h r e e  g r o u p s ,  a c c o r d i n g  t o  t h e  
c h a r a c t e r  o f  t h e i r  r e a c t i o n  t o  t h e  r o c k i n g :  4 7  n e u r o n s  ( 5 1 . 6 % )  
r e s p o n d e d  by a n  i n c r e a s e  i n  t h e  f r e q u e n c y  o f  t h e  r h y t h m ;  39 n e u r o n s  
( 4 2 . 8 % )  r e s p o n d e d  b y  a d e c r e a s e  i n  t h e  f r e q u e n c y  o f  t h e  r h y t h m ;  
5 n e u r o n s  d i d  n o t  c h a n g e  t h e i r  r h y t h m .  

The d a t a  p r e s e n t e d , o b t a i n e d  by  s t a t i s t i c a l  c a l c u l a t i o n s ,  p e r m i t  
e v a l u a t i n g  t h e  g e n e r a l  d i f f e r e n c e s  i n  t h e  c h a r a c t e r  o f  t h e  r e a c t i o n  
o f  t h e  n e u r o n s  i n  t h e  r e g i o n s  b e i n g  e x a m i n e d  t o  t h e  r o c k i n g .  A t  
t h e  same t i m e ,  t h e  u s e  o f  c o r r e l a t i o n  a n a l y s i s  p r o v i d e d  f o r  t r a c i n g  
t h e  r e a c t i o n s  o f  t h e  n e u r o n s  d u r i n g  a c h a n g e  i n  t h e  v a l u e  o f  t h e  
a c c e l e r a t i o n  d u r i n g  v e r t i c a l  d i s p l a c e m e n t  o f  t h e  a n i m a l .  The u s e  
o f  t h i s  m e t h o d  g a v e  t h e  f o l l o w i n g  r e s u l t s .  

/ 2 0 2  

F i g .  1. A c t u a l  ( 2 )  a n d  A p p r o x i m a t e  (1) C o r r e l a t i o n  F u n c t i o n s  o f  t h e  
I n t e r c o m m i s u r a l  I n t e r v a l s  f o r  a Neuron  i n  t h e  R e t i c u l a r  F o r m a t i o n  
o f  t h e  M e d u l l a  O b l o n g a t a ,  R e a c t i n g  t o  t h e  V a l u e  o f  t h e  A c c e l e r a t i o n .  
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O u t  of t h e  1 1 0  n e u r o n s  i n  t h e  r e t i c u l a r  f o r m a t i o n  o f  t h e  
m e d u l l a  o b l o n g a t a ,  7 7  ( 7 0 . 9 % )  s h o w e d  a r e a c t i o n  t o  t h e  p e r i o d i c  
c h a n g e  i n  t h e  v a l u e  o f  t h e  a c c e l e r a t i o n .  E x a m p l e s  o f  c o r r e l a t i o n  
f u n c t i o n s  o f  t h i s  t y p e  a r e  shown i n  F i g u r e  1. 

The p e r i o d  o f  t i m e  for l o w - f r e q u e n c y  o s c i l l a t i o n s  w a s  c a l c u 
l a t e d  a c c o r d i n g  t o  F o r m u l a  ( 3 ) .  The v a l u e  f o r  t h i s  p e r i o d  w a s  
1 . 2 - 1 . 4  s e c ,  w h i c h  c o r r e s p o n d s  t o  t h e  r e a l  p e r i o d  f o r  t h e  r o c k i n g .  

F o r  1 8  n e u r o n s  ( 1 6 . 3 % ) ,  n o  r e a c t i o n  t o  a c c e l e r a t i o n  ( F i g .  2 )  
w a s  f o u n d .  

1 5  n e u r o n s  c o n s t i t u t e d  a p a r t i c u l a r  g r o u p  of n e u r o n s  c a l l e d  / 2 0 3  
" d o u b l e t s " .  The e x a m i n a t i o n  o f  t h e i r  c o r r e l a t i o n  f u n c t i o n  i s  t h e  
t o p i c  o f  a s e p a r a t e  s t u d y .  

I n  t h e  v i s u a l  r e g i o n  o f  t h e  c e r e b r a l  c o r t e x ,  a l l  t h e  n e u r o n s  
b e i n g  s t u d i e d  showd n o  r e a c t i o n  t o  t h e  c h a n g e  i n  a c c e l e r a t i o n ,  a n d  
h a d  c o r r e l a t i o n  c h a r a c t e r i s t i c s  s i m i l a r  t o  t h o s e  g i v e n  i n  F i g u r e  2 .  

T h e r e f o r e ,  a c h a n g e  i n  t h e  p u l s e  r a t e  d u r i n g  r o c k i n g  i s  
o b s e r v e d  b o t h  i n  t h e  r e t i c u l a r  f o r m a t i o n  o f  t h e  m e d u l l a  o b l o n g a t a  
a n d  i n  t h e  v i s u a l  r e g i o n  o f  t h e  c e r e b r a l  c o r t e x .  

- 4 4 1  

F i g .  2 .  C o r r e l a t i o n  F u n c c o n s  o f  t h e  I n t e r c o m m i s u r a l  I n t e r v a l s  Which 
d o  Not  R e a c t  t o  A c c e l e r a t i o n .  ( a )  V i s u a l  R e g i o n  o f  t h e  C e r e b r a l  
C o r t e x ;  ( b )  R e t i c u l a r  F o r m a t i o n  o f  t h e  M e d u l l a  O b l o n g a t a .  S y m b o l s  
as i n  F i g u r e  1. 
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The u s e  o f  c o r r e l a t i o n  a n a l y s i s  a l l o w e d  us  t o  d e t e c t  t h e  d i f f e r e n c e  
i n  t h e  r e a c t i o n  of n e u r o n s  i n  t h e  same r e g i o n s ,  i n  r e l a t i o n  t o  
t h e  c h a n g e  i n  a c c e l e r a t i o n .  The n e u r o n s  o f  t h e  r e t i c u l a r  f o r m a t i o n  ' 

i n  t h e  m e d u l l a  o b l o n g a t a  c l e a r l y  showed a r e a c t i o n  t o  p e r i o d i c  / 2 0 4  
c h a n g e s  i n  a c c e l e r a t i o n ,  w h i l e  t h e  n e u r o n s  o f  t h e  v i s u a l  r e g i o n  o f  
t h e  c e r e b r a l  c o r t e x  d i d  n o t  show a n y  r e a c t i o n  t o  s u c h  a c h a n g e .  
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THE REACTION OF SINGLE NEURONS I N  THE AUDITORY REGION OF 
THE CEREBRAL CORTEX I N  CATS TO AN ADEQUATE STIMULATION 

OF THE VESTIBULAR APPARATUS 
M . G .  K u t a t e l a d z e  

A B S T R A C T :  The e f f e c t  of adequa te  s t i m u Z a t i o n  of 
t h e  v e s t i b u Z a r  appara tus  ( r o c k i n g  on a t e s t - s t a n d  
w i t h  an a c c e Z e r a t i o n  of 0 . 8 - 1 . 2  g )  i s  examined 
for t h e  a c t i v i t y  of t h e  neurons  i n  t h e  a u d i t o r y
r e g i o n  of t h e  c e r e b r a 2  c o r t e x .  A m icroe  Zec t rode  
t e c h n i q u e  was u s e d  f o r  r e c o r d i n g  from t h e  n e u r o n s .  

by  a method 
t h a t  d e s p i t e  

c h a r a c t e r i s t i c s  d i d  n o t  show any r e  Z a t i o n s h i p
be tween  t h e  change i n  t h e  a c t i v i t y  of t h e  neuron  
and t h e  change i n  t h e  vaZue of t h e  a c c e z e r a t i o n .  
Because of t h i s ,  i t  was assumed t h a t  s t i m u l a t i o n  
of t h e  v e s t i b u l a r  appara tus  has  a n o n - s p e c i f i c
e f f e c t  on t h e  a u d i t o r y  r e g i o n  of t h e  ceregraZ 
c o r t e x .  

The p r o b l e m  o f  t h e  r e l a t i o n s h i p  b e t w e e n  t h e  v e s t i b u l a r  a n d  / 2 0 4  
t h e  a u d i t o r y  a n a l y z e r s  i s  o f  g r e a t  i n t e r e s t  when w e  c o n s i d e r  t h e i r  
c l o s e  p h y l o g e n i c  a n d  a n a t o m i c a l  r e l a t i o n s h i p s .  However ,  t h e r e  
a r e  o n l y  a l i m i t e d  number  o f  s o u r c e s  e x a m i n i n g  t h e  r e l a t i o n s h i p  
b e t w e e n  t h e s e  a n a l y z e r s  i n  t h e  l i t e r a t u r e .  

T h u s ,  G . L .  Komendantov  f o u n d  t h a t  b o n e  c o n d u c t i o n  c h a n g e s  C 6 l  
d u r i n g  s t i m u l a t i o n  o f  t h e  v e s t i b u l a r  a p p a r a t u s .  

A .  Kh. M i n ' k o v s k i y ,  G . G .  A s l a n y a n ,  a n d  K . G .  S h u k u r y a n  [1,7] 
o b t a i n e d  i n t e r e s t i n g  d a t a .  T h e s e  a u t h o r s  s t u d i e d  t h e  m a r g i n a l  
s e n s i t i v i t y o f  t h e  a u d i t o r y  a n a l y z e r  d u r i n g  s t i m u l a t i o n  o f  t h e  
v e s t i b u l a r  a p p a r a t u s .  They f o u n d  t h a t  a c h a n g e  i n  t h e  s e n s i t i v i t y  
o f  t h e  a u d i t o r y  a n a l y z e r  d e p e n d s  on t h e  d e v e l o p m e n t  o f  n e g a t i v e  or 
p o s i t i v e  i n d u c t i o n  i n  t h e  n e r v e  c e n t e r s .  V .  G .  B a z a r o v  [ 2 ]  f o u n d  
t h a t  t h e  v e s t i b u l a r - v e g e t a t i v e  r e a c t i o n s  a r e  s u p p r e s e d  d u r i n g  t h e  
s i m u l t a n e o u s  e f f e c t  o f  2 s t i m u l a t i o n s  ( v e s t i b u l a r  a n d  a u d i t o r y ) ;  
as f o r  t h e  v e s t i b u l a r - s e c r e t o r y  r e a c t i o n ,  V . S .  N a z a r e n k o  f o u n d  t h a t  
t h e s e  r e a c t i o n s  a r e  i n t e n s i f i e d  C8-101. 

E l e c t r o p h y s i o l o g i c a l  e x a m i n a t i o n s  o f  t h e  r e l a t i o n s h i p  b e t w e e n  
t h e  a u d i t o r y  a n d  v e s t i b u l a r  a n a l y z e r s  w e r e  d e s c r i b e d  i n  s t u d i e s  
b y  G .  I .  G o r g i l a d z e  , K o r n h u b e r  a n d  D a F o n s e c a ,  a n d  G .  I .  G o r g i l a d z e  
a n d  G . D .  S m i r n o v  [ 3 , 4 , 1 1 ] .  I t  f o l l o w s  f r o m  t h e s e  s t u d i e s  t h a t  
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p o l a r i z a t i o n  o f  t h e  l a b y r i n t h  h a s  a s u p p r e s s i n g  e f f e c t  on t h e  
r e s u l t a n t  r e s p o n s e s  ( c l i c k s )  i n  t h e  a u d i t o r y  c o r t e x .  The r e a c t i o n  
o f  t h e  n e u r o n s  i n  t h e  a u d i t o r y  c o r t e x  t o  s t i m u l a t i o n  o f  t h e  v e s t i 
b u l a r  a p p a r a t u s ,  i n  t h e  o p i n i o n  of  t h e s e  a u t h o r s ,  i s  n o n - s p e c i f i c .  

S i n c e  w e  h a v e  i n d i c a t i o n s  t h a t  t h e  c o r t i c a l  r e p r e s e n t a t i o n  o f  / 2 0 5  
t h e  v e s t i b u l a r  a p p a r a t u s  i s  l o c a t e d  i n  t h e  a u d i t o r y  r e g i o n  o f  t h e  
c e r e b r a l  c o r t e x  [ 1 2 , 1 3 1 ,  w e  d e c i d e d  on  d o i n g  r e s e a r c h  w i t h  t h e  a i m  
o f  s t u d y i n g  t h e  r e a c t i o n  o f  s i n g l e  n e u r o n s  i n  t h i s  r e g i o n  as a 
r e s p o n s e  t o  a d e q u a t e  s t i m u l a t i o n  of t h e  v e s t i b u l a r  a p p a r a t u s .  

METHODS 

The e x p e r i m e n t s  were c o n d u c t e d  on 2 6  a d u l t  c a t s  ( w e i g h i n g  
2 . 5 - 4  k g ) .  The a n i m a l  was a n e s t h e t i z e d  w i t h  e t h e r  a n d  h e l d  i n  a 
s t e r e o t a x i d  d e v i c e ;  t r a c h e o t o m y  a n d  c u r a r i z a t i o n  ( 5  mg/kg o f  d i p l a c i n )  
f o l l o w e d ,  a f t e r  w h i c h  t h e  a n i m a l  was g i v e n  a r t i f i c i a l  r e  

A w i d e  c r a n i o t o m y  p e r m i t t e d  a c c e s s  t o  t h e  c e r e b r u m .  
o p e n i n g  up  t h e  d u r a  m a t e r ,  t h e  b r a i n  w a s  b a t h e d  w i t h- -
o i l .  I n  o r d e r  t o  d e c r e a s e  t h e  p u l s a t i o n ,  w e  d r a i n e d  t h e  c i s t e r n a  
magna a n d  made a p n e u m o t h o r a x .  The a n i m a l  w a s  t h e n  t r a n s f e r r e d  t o  
a d a r k  chamber  on a n  e x p e r i m e n t a l  s t a n d ,  w h i c h  a l l o w e d  s t i m u l a t i n g  
t h e  o t o l i t h  a p p a r a t u s  ( v e r t i c a l  d i s l o c a t i o n  w i t h  l i n e a r  a c c e l e r a 
t i o n  o f  0 . 8 - 1 . 2  g ) .  The e x p e r i m e n t  b e g a n  1 . 5  h o u r s  a f t e r  e t h e r  
w a s  a ' d m i n i s t e r e d  a n d  t h e  a n i m a l  was g i v e n  a r t i f i c k l  r e s p i r a t i o n .  

The e x t r a c e l l u l a r  a c t i v i t y  o f  i n d i v i d u a l  n e u r o n s  i n  t h e  
a u d i t o r y  r e g i o n  o f  t h e  c e r e b r a l  c o r t e x  w a s  r e c o r d e d  w i t h  t h e  a i d  
o f  g l a s s  m i c r o e l e c t r o d e s ,  whose  d i a m e t e r  a t  t h e  t i p  w a s  0 . 5 - 2  p 
a n d  w h i c h  were  f i l . l e d  w i t h  a 3 - m o l a r  s o l u t i o n  o f  KC1. F o r  t h e  
r e c o r d i n g ,  w e  u s e d  a n  a l t e r n a t i n g - c u r r e n t  a m p l i f i e r  U B P  1 - 0 1 ,  a 
" S a n e i "  o s c i l l o g r a p h ,  a n d  a MAG-8 t a p e  r e c o r d e r .  

The d a t a  o b t a i n e d  w e r e  p r o c e s s e d  by d e t e r m i n i n g  t h e  a v e r a g e  
f r e q u e n c y  f o r  t h e  s e q u e n c e  o f  t h e  c o m m i s u r e s  p e r  s e c o n d  d u r i n g  
v a r i o u s  p e r i o d s  of t h e  e x p e r i m e n t  ( b a c k g r o u n d ,  r o c k i n g ,  a f t e r  
r o c k i n g ) .  Inasmuch  as t h i s  meth0.d d i d  n o t  a l l o w  a n  a c c u r a t e  c a l 
c u l a t i o n  o f  t h e  n a t u r e  o f  t h e  c h a n g e s  i n  t h e  n e u r o n s  a c t i v i t y  r e l a 
t i v e  t o  r o c k i n g ,  w e  u s e d  a m e t h o d  o f  a u t o m a t i c  c o r r e l a t i o n  a n a l y s i s  
( f o r  d e v e l o p m e n t  o f  t h i s  m e t h o d ,  s e e  p a g e  2 1 1  i n  t h i s  v o l u m e ) .  T h i s  
m e t h o d  a l l o w s  i s o l a t i n g  t h e  p e r i o d i c  s i g n a l s  f rom t h e  n o i s e  b a c k 
g r o u n d , t h u s  e s t a b l i s h i n g  t h e  r e l a t i o n s h i p  b e t w e e n  t h e  c h a n g e  i n  
t h e  r e c o r d e d  p a r a m e t e r  ( c h a n g e  i n  t h e  v a l u e  o f  t h e  i n t e r c o m m i s u r a l  
i n t e r v a l )  a n d  t h e  c h a n g e  i n  t h e  v a l u e  o f  t h e  a c c e l e r a t i o n .  I n  
o u r  c a s e ,  r o c k i n g  ( c h a n g e  i n  a c c e l e r a t i o n )  was t h e  p e r i o d i c  s i g n a l .  
The c a l c u l a t i o n s  were  made on t h e  " D n e p r - l r r  c o m p u t e r .  

R E S U L T S  

W e  r e c o r d e d  a n d  s t u d i e d  i n  d e t a i l ,  t h e  a c t i v i t y  o f  7 4  n e u r o n s  
i n  t h e  a u d i t o r y  r e g i o n  o f  t h e  c e r e b r a l  c o r t e x .  The n e u r o n s  were  
r e c o r d e d  a t  a d e p t h  o f  500-2000 p .  

21 8 



O u t  o f  t h e  7 4  n e u r o n s  r e c o r d e d ,  7 1  showed s p o n t a n e o u s  a c t i v i t y ,  
w h i l e  3 n e u r o n s  were  a c t i v a t e d  o n l y  d u r i n g  r o c k i n g .  The r a t e  / 2 0 6  
o f  i m p u l s e s  f rom t h e  s p o n t a n e o u s l y  a c t i v e  n e u r o n s  v a r i e d  f r o m  0 . 5  
t o  30 i m p / s e c .  The c o m m i s u r e s ,  as a r u l e ,  h a d  n o n - r h y t h m i c i t y ;  
t h e y  w e r e  b o t h  s i n g l e - p h a s e  ( n e g a t i v e  or p o s i t i v e )  a n d  t w o - p h a s e  
( n e g a t i v e  -p o s  i t  i v e  ) i n  f o r m .  

A f t e r  r e c o r d i n g  t h e  b a c k g r o u n d  a c t i v i t y  o f  t h e  n e u r o n ,  w e  p r o 
d u c e d  1 5  v i b r a t i o n s  p e r  2 0  s e ~ .  I t  w a s  f o u n d  t h a t  t h e  n e u r o n s  i n  
t h e  a u d i t o r y  r e g i o n  o f  t h e  c e r e b r a l  c o r t e x  showed 4 t y p e s  o f  r e a c t i o n s  
t o  t h e  r o c k i n g .  

Type I .  An i n c r e a s e  i n  t h e  p u l s e  r a t e  ( 3 1 ; 7 % ) .  Some o f  
t h e  n e u r o n s  i n c r e a s e d  t h e i r  a c t i v i t y  t o  t h e  maximum i m m e d i a t e l y  
( d u r i n g  t h e  f i r s t  s e c o n d  o f  t h e  r o c k i n g )  w h i l e  o t h e r s  i n c r e a s e d  
t h e i r  a c t i v i t y  g r a d u a l l y ,  r e a c h i n g  a maximum o n l y  1 0 - 1 5  s e c  a f t e r  
t h e  b e g i n n i n g  o f  t h e  r o c k i n g .  

Type 11. A d e c r e a s e  i n  t h e  p u l s e  r a t e  ( 5 4 % ) .  Some of  t h e  
n e u r o n s  d e c r e a s e d  t h e i r  a c t i v i t y  i m m e d i a t e l y  a t  t h e  b e g i n n i n g  o f  
t h e  r o c k i n g .  The o t h e r s  g r a d u a l l y  d e c r e a s e d  i n  a c t i v i t y .  

Type 111. The c h a n g e  i n  t h e  p u l s e  a c t i v i t y  h a d  a p h a s e  c h a r 
a c t e r .  The i n c r e a s e  i n  t h e  p u l s e  a c t i v i t y  c h a n g e d  t o  a d e c r e a s e  i n  
t h e  r a t e ;  t h e  p u l s e  r a t e  t h e n  i n c r e a s e d  a g a i n  ( 9 . 3 %  o f  t h e  n e u 
r ’ons )  . 

Type I V .  T h e s e  w e r e  n e u r o n s  whose p u l s e  a c t i v i t y  d i d  n o t  show 
a n y  a p p a r e n t  r e a c t i o n  t o  t h e  r o c k i n g .  T h e r e  were  1 2 . 7 %  o f  s u c h  
n e u r o n s .  

S i g n s  o f  a d a p t a t i o n  were  d e t e c t e d  i n  1 3  o f  t h e  74 n e u r o n s .  
They b e l o n g e d  t o  t h s e  n e u r o n s  whose r e a c t i o n s  t o  t h e  r o c k i n g  w e r e  
o f  b o t h  Types  I a n d  11. The a d a p t a t i o n  a p p e a r e d  a b o u t  1 5 - 1 6  s e c  
a f t e r  t h e  b e g i n n i n g  o f  t h e  r o c k i n g .  

A f t e r  t e r m i n a t i o n  o f  t h e  r o c k i n g ,  some o f  t h e  n e u r o n s  c o n t i n u e d  
t o  i n c r e a s e  t h e i r  a c t i v i t y  ( n e u r o n s  o f  T y p e s  I a n d  1 1 > ,w h i l e  
o t h e r s  d e c r e a s e d  i t  ( n e u r o n s  o f  Type 11). 

A n a l y s i s  o f  t h e  d a t a  b y  t h e  c o r r e l a t i o n  m e t h o d  showed t h a t  c f  
t h e  74 n e u r o n s  i n  t h e  a u d i t o r y  r e g i o n  of  t h e  c e r e b r a l  c o r t e x ,  
d e s p i t e  t h e  q u a n t i t a t i v e  c h a n g e s  i n  t h e  p u l s e  a c t i v i t y  ( i n c r e a s e  
or d e c r e a s e  d u r i n g  r o c k i n g ) ,  i n  n o  case d i d  t h e  c o r r e l a t i o n  f u n c 
t i o n s  of t h e  i n t e r c o m m i s u r a l  i n t e r v a l s  c o n t a i n  p e r i o d i c  c o m p o n e n t s ,  
; . e . ,  t h e  n e u r o n s  i n  t h i s  r e g i o n  d i d  n o t  show a n y  r e a c t i o n  t o  a 
p e r i o d i c  c h a n g e  i n  t h e  v a l u e  o f  t h e  a c c e l e r a t i o n  ( F i g .  l a ) .  

T h u s ,  t h e  d a t a  w e  o b t a i n e d  showed t h a t  a d e q u a t e  s t i m u l a t i o n  of 
t h e  v e s t i b u l a r  a p p a r a t u s  b y  r o c k i n g  l e a d s  t o  a c h a n g e  i n  t h e  
r a t e  o f  n e u r o n  p u l s e  a c t i v i t y .  However ,  i n  c o n t r a s t  t o  t h e  
d a t a  o b t a i n e d  i n  s t u d y i n g  t h e  c o r r e l a t i o n  f u n c t i o n  o f  t h e  i n t e r 
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c o m m i s u r a l  i n t e r v a l s  i n  t h e  n e u r o n s  o f  t h e  a n t e r i o r  s u p r a s y l v i a l  

g y r u s ,  w h e r e  w e  f o u n d  c h a r a c t e r i s t i c  c h a n g e s  i n  r e l a t i o n  t o  t h e  

c h a n g e  i n  t h e  v a l u e  f o r  t h e  a c c e l e r a t i o n  ( F i g .  l b )  ( p r o j e c t e d  z o n e  

o f  t h e  o t o l i t h  a p p a r a t u s ) ,  t h e r e  w e r e  n o  s u c h  c h a n g e s  i n  t h e  n e u r o n s  

o f  t h e  a u d i t o r y  r e g i o n .  N a t u r a l l y ,  i f  t h e  c o r r e l a t i o n  o f  t h e  v a l u e s  
/ 2 0 7  
f o r  t h e  i n t e r c o m m i s u r a l  i n t e r v a l s  o f  t h e  n e u r o n s  i n  t h e  a u d i t o r y  
r e g i o n  d o e s  n o t  c h a n g e  i n  r e l a t i o n  t o  t h e  c h a n g e  i n  t h e  v a l u e  o f  
t h e  a c c e l e r a t i o n ,  i t  becomes  c l e a r  t h a t  t h e  r o c k i n g  c a u s e s  n o n 
s p e c i f i c  r e a c t i o n s  on t h e  p a r t  o f  t h e  n e u r o n s  i n  t h e  a u d i t o r y  
r e g i o n .  We c a n  a s sume  t h a t  t h e  i m p u l s e s  f r o m  t h e  v e s t i b u l a r  r e c e p 
t o r s  g o  t o  t h e  r e t i c u l a r  f o r m a t i o n  o f  t h e  b r a i n  s t e m  or t h r o u g h  t h e  
v e s t i b u l a r  n u c l e i ,  a n d  t h e n ,  p a s s i n g  t h r o u g h  t h e  t h a l a m i c  non
s p e c i f i c  s y s t e m  a n d  b e i n g  d i s t r i b u t e d  i n  a more or l e s s  random 
manner  o v e r  t h e  e n t i r e  s u r f a c e  o f  t h e  c o r t e x ,  c a u s e  t h e  r e a c t i o n  
o f  t h e  n e u r o n s  i n  t h e  a u d i t o r y  r e g i o n .  

a 
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F i g .  1. C o r r e l a t i o n  F u n c t i o n  o f  t h e  I n t e r c o m m i s u r a l  I n t e r v a l s  
wh ich  do Not R e a c t  ( a )  a n d  Do R e a c t  ( b )  t o  a Change i n  t h e  Va lue  
o f  t h e  A c c e l e r a t i o n .  The P e r i o d  o f  Time f o r  O s c i l l a t i o n  o f  t h e  
C o r r e l a t i o n  F u n c t i o n  i s  1 . 2  s e c  ( A c t u a l  T i m e  o f  R o c k i n g ) .  
(1) R e a l  C o r r e l a t i o n ;  ( 2 )  A p p r o x i m a t e .  

On t h e  b a s i s  o f  t h e  r e s u l t s  o f  t h i s  s t u d y ,  w e  can  c o n c l u d e  / 2 0  8 
t h a t  a d e q u a t e  s t i m u l a t i o n  o f  t h e  v e s t i b u l a r  a p p a r a t u s  by  r o c k i n g  
h a s  a n o n - s p e c i f i c  e f f e c t  on t h e  f u n c t i o n a l  c o n d i t i o n  o f  t h e  
a u d i t o r y  r e g i o n  o f  t h e  c e r e b r a l  c o r t e x .  
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A C T I V I T Y  OF I N D I V I D U A L  NEURONS I N  THE RETICULAR FORMATION 
OF THE MEDULLA OBLONGATA (N I GIGANTOCELLULARIS) I N  

CATS DURING ROCKING 
N .  V .  Merabishvili 

ABSTRACT:  The r e a c t i o n s  of i n d i v i d u a Z  n e r v e  e Ze
ments  i n  t h e  r e t i c u Z a r  f o r m a t i o n  of t h e  meduZZa 
obZongata ( n .  g i g a n t o c e Z Z u Z a r i s )  i n  c a t s  a r e  e x 
amined f o r  an adequate  s t i m u Z a t i o n  of t h e  o t o Z i t h  
appara tus  by  r o c k i n g .  A m icroe  Zec t rode  t e c h n i q u e  
was used  for r e c o r d i n g  t h e  p o t e n t i a Z s .  The r e 
s u Z t s  were anaZyzed w i t h  t h e  a i d  of a c o r r e z a t i o n  
a n a Z y s i s  which  i n d i c a t e d  t h a t  t h e  m a j o r i t y  of 
t h e  r e t i c u Z a r  neurons  i n  q u e s t i o n  ( 8 5 . 6 % )  showed 
a s p e c i f i c  r e a c t i o n  t o  a change i n  t h e  vaZue of 
t h e  acce  Z e r a t i o n .  

The e x a m i n a t i o n  o f  t h e  f u n c t i o n a l  r e l a t i o n s h i p s  b e t w e e n  t h e  / 2 0  8 
v e s t i b u l a r  n u c l e i  a n d  t h e  r e t i c u l a r  f o r m a t i o n  i s  o f  g r e a t  s i g n i f i 
c a n c e  f o r  u n d e r s t a n d i n g  t h e  n a t u r e  a n d  m e c h a n i s m  o f  t h e  s h i f t s  
o c c u r r i n g  d u r i n g  t h e  e f f e c t  on a n  o r g a n i s m  p r o d u c e d  b y  a c h a n g e  i n  
t h e  g r a v i t a t i o n a l  f i e l d  [ 1 2 , 1 3 ] .  

An a n a t o m i c a l  a n d  p h y s i o l o g i c a l  a n a l y s i s  o f  t h e s e  r e l a t i o n s h i p s  
w a s  u n d e r t a k e n  by a number  o f  a u t h o r s  [9-11, 1 3 - 2 2 ,  2 5 1 .  However ,  
w e  c o u l d  n e v e r  c o n s i d e r  t h a t  t h i s  p r o b l e m  w a s  c o m p l e t e l y  s o l v e d .  

The p u r p o s e  o f  t h i s  s t u d y  w a s  t o  e x p l a i n  t h e  n a t u r e  o f  t h e  
r e a c t i o n  on t h e  p a r t  o f  t h e  n e u r o n s  i n  t h e  n u c l e u s  g i g a n t o c e l l u l a r i s  
o f  t h e  r e t i c u l a r  f o r m a t i o n ,  t o  t h e  e f f e c t  o f  l i n e a r  a c c e l e r a t i o n s .  

METHODS 

The e x p e r i m e n t s  w e r e  c o n d u c t e d  on 2 0  a n e s t h e t i z e d  c a t s  ( 4 0  /209 
mg/kg of  c h l o r a l o s e  + 1 5  mg/kg o f  n e m b u t a l ,  i n t r a p e r i t o n e a l l y ) .  

I n  o r d e r  t o  p r e s e r v e  t h e  s t r u c t u r e  o f  t h e  p a r t s  o f  t h e  c e n t r a l  
n e r v o u s  s y s t e m  ( t h e  c e r e b e l l u m ,  i n  p a r t i c u l a r ) ,  we g a i n e d  access  
t o  t h e  r e t i c u l a r  f o r m a t i o n  o f  t h e  m e d u l l a  o b l o n g a t a  t h r o u g h  t h e  
b a s e  o f  t h e  c r a n i u m .  The c a t s '  h e a d s  w e r e  f i x e d  i n  s t e r e o t a x i c  
d e v i c e s ,  w i t h  t h e  o c c i p u t  b e l o w  ( + g o o  a c c o r d i n g  t o  M a g n u s ) .  

The c o m m i s u r a l  a c t i v i t y  o f  i n d i v i d u a l  n e r v e  e l e m e n t s  w a s  
r e c o r d e d  e x t r a c e l l u l a r l y  b y  g l a s s  m i c r o e l e c t r o d e s ;  t h e  e x t e r i o r  
d i a m e t e r  o f  t h e  t i p s  w a s  1-21.1, a n d  t h e y  were  f i l l e d  w i t h  a 3-mOlar  
s o l u t i o n  o f  KC1. The m i c r o e l e c t r o d e s  were  i n s e r t e d  i n  t h e  n .  
g i g a n t o c e l l u l a r i s  w i t h  t h e  a i d  o f  a h y d r a u l i c  m a n i p u l a t o r  u s i n g  
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t h e  S e n t o g o t a i  c o o r d i n a t e s  a t  a p o i n t  4 5 O  a5,  a3, a l .  

I n  o r d e r  t o  i d e n t i f y  t h e  g r o u p  o f  r e t i c u l a r  n e u r o n s  t o  w h i c h  
t h e s e  n e u r o n s  b e l o n g e d ,  w e  u s e d  t h e i r  p a r t i c u l a r  r e a c t i o n s  t o  
a f f e r e n t  p u l s e s  o f  v a r y i n g  m o d a l i t y  [ 7 , 2 1 1 .  For t h i s  p u r p o s e ,  w e  
p l a c e d  s t i m u l a t i n g  e l e c t r o d e s  on  t h e  s c i a t i c  n e r v e .  The n e r v e  w a s  
s t i m u l a t e d  b y  a s q u a r e - w a v e  g e n e r a t o r  ( s i n g l e  or p a i r e d  p u l s e s  
l a s t i n g  up t o  0 . 2  m s e c ) .  The p u l s e s  h a d  a m p l i t u d e s  u p t o  1 0  V .  

The r e l i a b i l i t y  o f  t h e  e l e c t r o d e  l o c a t i o n  i n  t h i s  n u c l e u s  w a s  
d e k r m i n e d  w i t h  a m i c r o s c o p e  a f t e r  f i x i n g  t h e  b r a i n  i n  f o r m a l i n  a n d  
s t a i n i n g  t h e  f r o z e n  s e c t i o n s  w i t h  h e m a t o x y l i n - e o s i n .  

The r e s p i r a t i o n a l  a n d  c a r d i o v a s c u l a r  p u l s a t i o n s  were  d e c r e a s e d  
b y  a d d i n g  a g a r - a g a r  C37O) C81. 

The p u l s e  f r o m  a s i n g l e  n e u r o n  w a s  r e c o r d e d  on m a g n e t i c  t a p e  
t h r o u g h  a n  a l t e r n a t i n g - c u r r e n t  a m p l i f i e r  UBP1-01 , w i t h  s u b s e q u e n t  
r e c o r d i n g  on p h o t o g r a p h i c  f i l m  w i t h  t h e  a i d  o f  a d u a l - b e a m  o s c i l 
l o s c o p e  (EMOF2-01). 

The a n i m a l s  a n d  t h e  s t e r e o t a x i c  d e v i c e  w e r e  m o u n t e d  on a 
s p e c i a l  t e s t - s t a n d ;  v e r t i c a l  d i s p l a c e m e n t s  o f  t h e  a n i m a l  w e r e  made 
a t  a c c e l e r a t i o n s  f r o m  0 . 8 - 2  g C 4 l .  

T h i s  m e t h o d  p e r m i t t e d  s t i m u l a t i o n  o f  t h e  o t o l i t h  s e c t i o n  o f  
t h e  v e s t i b u l a r  a p p a r a t u s  [ l - 3 ,  5 ,  5 ,  1 9 ,  2 3 ,  241 .  

An a n a l y s i s  o f  t h e  r e a c t i o n  o f  t h e  n e u r o n s  t o  r o c k i n g  w a s  d o n e  
b y  t w o  m e t h o d s :  (1) a p r e l i m i n a r y  a n a l y s i s  w a s  made by c a l c u l a t i n g  
t h e  number  o f  i m p u l s e s  p e r  1 / 2  s e c ,  a n d  b y  a v e r a g i n g  t h e  d a t a  
o b t a i n e d  f o r  2 0  s e c  b e f o r e  t h e  e f f e c t ,  d u r ' i n g  t h e  r o c k i n g ,  a n d  
a f t e r  t e r m i n a t i o n  o f  t h e  s t i m u l a t i o n ;  ( 2 )  f o r  a more a c c u r a t e  e v a l 
u a t i o n ,  we u s e d  t h e  m e t h o d  o f  c o r r e l a t i o n  a n a l y s i s ,  which  p e r m i t t e d  
i s o l a t i n g  t h e  p e r i o d i c i t y  o f  t h e  s i g n a l s  a g a i n s t  t h e  n o i s e  b a c k 
g r o u n d  ( f o r  t h e  m e t h o d  o f  u s i n g  c o r r e l a t i o n  a n a l y s i s ,  s e e  p .  2 1 1  
i n  t h i s  Volume) .  

RESULTS 

O f  t h e  1 2 5  n e u r o n s ,  1 9  ( 1 5 . 2 % )  h a d  n o  s p o n t a n e o u s  a c t i v i t y ,  / 2 1 0  
a n d  w e r e  a c t i v a t e d  d u r i n g  t h e  r o c k i n g .  A s u b s t a n t i a l l y  g r e a t e r  
number  [ 9 l  n e u r o n s  ( 7 2 . 8 % ) ]  h a d  s p o n t a n e o u s  a c t i v i t y  w h i c h  v a r i e d  
f r o m  0 . 4  t o  5 i m p / s e c .  The f r e q u e n c y  f o r  t h e  s e q u e n c e  o f  t h e  
c o m m i s u r e s  , 1 - 2 9  i m p / s e c ,  w a s  f o u n d  more  f r e q u e n t l y .  

We o b s e r v e d  t h e  f o l l o w i n g  f o r m s  o f  s p o n t a n e o u s  a c t i v i t y :  
r h y t h m i c ,  a r r h y t h m i c ,  t r a n s i t i o n a l ,  a n d  d u a l  c o m m i s u r e - d o u b l e t s .  

A c c o r d i n g  t o  t h e i r  f o r m ,  t h e  c o m m i s u r e s  w e r e  c l a s s i f i e d  as 
f o l l o w s :  s i n g l e - p h a s e ;  n e g a t i v e  or p o s i t i v e  a n d  t w o - p h a s e ;  p o s i t i v e -
n e g a t i v e .  
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I n  t h e i r  r e s p o n s e  t o  s t i m u l a t i o n  o f  t h e  o t o l i t h  a p p a r a t u s  b y  
r o c k i n g ,  t h e  n e u r o n s  i n  t h e  n u c l e u s  g i g a n t o c e l l u l a r i s  o f  t h e  r e t i c 
u l a r  f o r m a t i o n  were f o u n d  t o  h a v e  t h r e e  t y p e s  o f  r e a c t i o n s .  

Type I :  6 2  n e u r o n s  ( 4 9 . 6 % ) ,  whose  i n c r e a s e  i n  a c t i v i t y  d i d  n o t  
o c c u r  i n  a u n i f o r m  m a n n e r :  some c h a n g e d  t h e  p u l s e  r a t e  p e r i 
o d i c a l l y ,  o t h e r s  h a d  a t w o - p h a s e  c h a n g e  i n  a c t i v i t y ,  a n d ,  f i n a l l y ,  
t h e r e  were t h o s e  n e u r o n s  w h i c h  showed  a g r a d u a l  i n c r e a s e  i n  a c t i v i t y .  

24  n e u r o n s  ( 1 9 . 2 % )  showed  a n  i n c r e a s e  i n  a c t i v i t y  d u r i n g  t h e  
f i r s t  s e c o n d s  o f  t h e  r o c k i n g  ( 6 - 7  s e c ) .  T h i s  i n c r e a s e  t h e n  c h a n g e d  
t o  a d e c r e a s e  w i t h i n  4 -5  s e c .  B e g i n n i n g  w i t h  t h e  1 0 - 1 2 t h  s e c o n d ,  
t h e r e  w a s  a s e c o n d a r y  i n c r e a s e  i n  f r e q u e n c y ,  a n d  t h e n  a d e c r e a s e ,  
e t c .  Such  a c h a n g e  i n  t h e  f r e q u e n c y  f o r t h e  s e q u e n c e  o f  c o m m i s u r e s  
h a d  a p e r i o d i c  c h a r a c t e r .  However ,  t h e  a v e r a g e  i n c r e a s e  i n  t h e  
a c t i v i t y  d u r i n g  t h i s  d e c r e a s e  e x c e e d e d  t h e  backe ; round  p u l s e  
r a t e .  The p u l s e  r a t e  i n c r e a s e d  r o u g h l y  t w i c e .  

A f t e r  t h e  s t i m u l a t i o n  was s t o p p e d ,  a r e t u r n  o f  t h e  b a c k g r o u n d  
a c t i v i t y  w a s  o b s e r v e d  f r o m  t h e  v e r y  f i r s t  s e c o n d .  However ,  a 
c o m p l e t e  r e c o v e r y  w a s  f o u n d  o n l y  3-4 s e c o n d s  a f t e r w a r d s .  

The n e x t  g r o u p  c o n s i s t e d  o f  1 9  n e u r o n s  ( 1 4 . 4 % ) .  T h e i r  a c t i v 
i t y  i n c r e a s e d  up t o  a c e r t a i n  l e v e l  d u r i n g  t h e  f i r s t  s e c o n d  o f  t h e  
r o c k i n g ,  a n d  r e m a i n e d  t h e r e  f o r  4-5 s e c ;  t h e r e  w a s  t h e n  a f u r t h e r  
g r a d u a l  a n d  p r o g r e s s i v e  i n c r e a s e  f r o m  t h e  5 t h  s e c o n d .  I t  w a s  f o u n d  
t h a t  t h e  a c t i v i t y  i n c r e a s e d  w i t h  e v e r y  s e c o n d  o f  t h e  r o c k i n g ,  a n d  
r e a c h e d  i t s  maximum a t  t h e  1 7 - 1 8 t h  s e c o n d ,  a f t e r  w h i c h  i t  became 
s t a b l e  a n d  d i d  n o t  c h a n g e  i t s  c h a r a c t e r  u n t i l  t h e  e n d  o f  t h e  
r o c k i n g .  The p u l s e  r a t e  i n c r e a s e d  b y  a f a c t o r  o f  t w o .  

The n e u r o n s  o f  t h e  l a t t e r  g r o u p  d i f f e r e d  i n  t h e i r  p r o n o u n c e d  
s e q u e n t i a l  r e a c t i o n .  A f t e r  t h e  r o c k i n g ,  t h e  a c t i v i t y  c o n t i n u e d  t o  
i n c r e a s e  a n d  t h e  p u l s e  r a t e  w a s  1 0 - 1 5 %  h i g h e r  t h a n  d u r i n g  t h e  
p e r i o d  o f  r o c k i n g .  

L e t  us  t u r n  now t o  a n  e x a m i n a t i o n  o f  t h e  n e u r o n s  o f  Type 11, 
whose  a c t i v i t y  d e c r e a s e d  d u r i n g  r o c k i n g .  T h e r e  w e r e  39 s u c h  
n e u r o n s  f o u n d  ( 3 1 . 2 % ) .  I n  r e l a t i o n  t o  t h e  c h a r a c t e r  o f  t h e  r h y t h m  
f o r  t h e  s e q u e n c e  o f  t h e  c o m m i s u r e s ,  t h e s e  n e u r o n s  c o u l d  b e  s u b d i 
v i d e d  i n t o  2 s u b g r o u p s :  t h o s e  n e u r o n s  w h i c h  p r e s e r v e d  t h e i r  r h y t h m i 
c i t y ,  a n d  t h o s e  n e u r o n s  whose  r h y t h m s  f o r  t h e  s e q u e n c e  o f  t h e  com
m i s u r e s  c h a n g e d .  

For 27  n e u r o n s  ( 2 1 . 6 % ) ,  t h e r e  w a s  a s h a r p  r e t a r d a t i o n  o f  t h e  / 2 1 1  
a c t i v i t y  by 2 -3  i m p / s e c  f rom t h e  v e r y  f i r s t  s e c o n d .  Around t h e  
5 - 6 t h  s e c o n d ,  on t h e  c o n t r a r y ,  t h e r e  f o l l o w e d  a n  i n c r e a s e  i n  t h e  
a c t i v i t y ;  a t  t h e  1 6 t h  s e c o n d  t h e  p u l s e  r a t e  r e t u r n e d  t o  t h e  
l e v e l  c o r r e s p o n d i n g  t o  b a c k g r o u n d  d a t a .  

The o t h e r  s u b g r o u p  c o n s i s t e d  o f  1 2  n e u r o n s  ( 9 . 6 % ) .  A t  t h e  
b e g i n n i n g  o f  t h e  r o c k i n g ,  t h e  p u l s e  r a t e  d i d  n o t  c h a n g e  f o r  
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3-4 s e c ;  t h e n ,  f r o m  t h e  5 t h  s e c o n d  t o  t h e  l l - l 2 t h ,  t h e r e  w a s  
c o m p l e t e  r e t a r d a t i o n .  S u b s e q u e n t l y ,  t h e r e  a p p e a r e d  a c t i v i t y  o f  
h i g h  f r e q u e n c y ,  a f t e r  w h i c h  ( f r o m  t h e  1 5 t h  s e c o n d  t o  t h e  e n d  o f  
t h e  r o c k i n g )  t h e r e  w a s  a g r a d u a l  d e c r e a s e  i n  a c t i v i t y .  The p u l s e  
r a t e  d e c r e a s e d  r o u g h l y  b y  a f a c t o r  o f  t w o .  

Type 111: F i v e  n e u r o n s  d i d  n o t  show a n y  a p p a r e n t  r e a d i o n  t o  
t h e  o t o l i t h  s t i m u l a t i o n .  T h e r e f o r e ,  t h e  r e a c t i o n  o f  t h e  n e u r o n s  
t o  t h e  a d e q u a t e  s t i m u l a t i o n  o f  t h e  v e s t i b u l a r  a p p a r a t u s  by  r o c k i n g  
p r o v e d  t o  b e  v e r y  i n d e f i n i t e .  

A t  t h e  same t i m e ,  c o n s i d e r i n g  t h a t  t h e  m e t h o d  u s e d  f o r  s t i m u 
l a t i n g  t h e  v e s t i b u l a r  a p p a r a t u s  ( a  c h a n g e  i n  t h e .  r e c t i l i n e a r  a c c e l 
e r a t i o n  d u r i n g  r o c k i n g )  a c t s  i n  a c c o r d a n c e  w i t h  t h e  p e r i o d i c  l a w ,  
a n d  c o n s i d e r i n g  t h a t  t h e  i n t e r c o m m i s u r a l  i n t e r v a l s  h a d  r andom 
v a l u e s ,  w e  c o u l d  e x p e c t  t h a t  a n a l y s i s  w o u l d  b e  u s e f u l  f o r  d e t e r m i n i n g  
w h i c h  n e u r o n s  r e a c t  s p e c i f i c a l l y  t o  a c h a n g e  i n  a c c e l e r a t i o n .  The 
p r e s e n c e  i n  t h e  c o r r e l a t i o n  f u n c t i o n  o f  t h e  i n t e r c o m m i s u r a l  i n t e r 
v a l s ,  w i t h  p e r i o d i c  c o m p o n e n t s  a n d  p e r i o d s  e q u a l  t o  t h e  p e r i o d  o f  
t h e  r o c k i n g ,  shows  t h e  r e a c t i o n  o f  a g i v e n  n e u r o n  t o  a p e r i o d i c  
c h a n g e  i n  a c c e l e r a t i o n .  

The c o r r e l a t i o n  a n a l y s i s  d i v i d e d  t h e  1 2 5  n e u r o n s  u n d e r  s t u d y  
i n t o  5 g r o u p s .  

Group I ( 1 8  n e u r o n s ,  1 4 . 4 % ) .  The c o r r e l a t i o n  f u n c t i o n  o f  
t h e s e  n e u r o n s  d o e s  n o t  c o n t a i n  a n y  p e r i o d i c  c o m p o n e n t s ,  a n d  i t  
s u g g e s t s  a c o r r e l a t i o n  f u n c t i o n  o f  a random s i g n a l  ( F i g .  1 , I ) .  We 
c a n  a s sume  t h a t  t h e  n e u r o n s  i n  t h i s  g r o u p  do  n o t  r e a c t  t o  a c h a n g e  
i n  t h e  v a l u e  o f  t h e  a c c e l e r a t i o n .  

Group I1 ( 7 7  n e u r o n s ,  7 0 . 9 % ) .  The c o r r e l a t i o n  f u n c t i o n  f o r  
t h e  n e u r o n s  i n  t h i s  g r o u p  ( F i g .  1 , 1 1 1  c o n t a i n s  p e r i o d i c  c o m p o n e n t s ,  
w i t h  p e r i o d s  e q u a l  t o  t h e  p e r i o d s  o f  t h e  r o c k i n g .  Such  a c o r r e l a 
t i o n  f u n c t i o n  c a n  e a s i l y  b e  a p p r o x i m a t e d  b y  t h e  f o r m u l a  R ( T I  = 
A Z - C ( T - c o s  UT. Such a t y p e  o f  c o r r e l a t i o n  f u n c t i o n  i n d i c a t e s  t h a t  / 2 1 2  
t h e  n e u r o n s  i n  a g i v e n  g r o u p  r e a c t  l i n e a r l y  t o  a c h a n g e  i n  a c c e l e r 
a t i o n .  

Group  I11 ( 1 6  n e u r o n s ,  1 2 % ) .  The c o r r e l a t i o n  f u n c t i o n  o f  t h e s e  
n e u r o n s  seems t o  show a c o m b i n a t i o n  o f  two  f r e q u e n c i e s  ( F i g .  1 , 1 1 1 ) .  
We c a n  g i v e  t w o  v e r y  s i m p l e  e x p l a n a t i o n s  f o r  t h e  o r i g i n  o f  s u c h  a 
c o r r e l a t i o n  f u n c t i o n :  (1) t h e  n e u r o n s  o f  t h i s  t y p e  r e p r e s e n t  s i m p l e  
i n t e g r a t o r s  o f  iwo s i g n a l s  coming f rom t h e  n e u r o n s  o f  t h e  s e c o n d  
g r o u p  w h i c h  a r e  l i n k e d  w i t h  t h e m ,  w h i l e  t h e  f r e q u e n c i e s  o f  t h e s e  
n e u r o n s  d i f f e r  f rom o n e  a n o t h e r  d u r i n g  t h e  p e r i o d  o f  t h e  r o c k i n g ;  
( 2 )  t h e  n e u r o n  b e i n g  s t u d i e d  r e p r e s e n t s  a n o n - l i n e a r  c o n v e r t e r  o f  
t h e  f r e q u e n c y ,  or, i n  o t h e r  w o r d s ,  c o n v e r t s  t h e  f r e q u e n c y  o f  t h e  
r o c k i n g  t o  a h i g h e r  f r e q u e n c y .  W e  s h o u l d  n o t e  t h a t  s u c h  n e u r o n s  
as t h e  d u a l  c o m m i s u r e - d o u b l e t s  m a i n l y  b e l o n g  t o  t h i s  g r o u p .  

B o t h  h y p o t h e s e s  n a t u r a l l y  r e q u i r e  f u r t h e r  e x p l a n a t i o n .  
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F i g .  1. C o r r e l a t i o n  F u n c t i o n s  o f  t h e  I n t e r c o m m i s u r a l  I n t e r v a l s  for t h e  
N e u r o n s  i n  t h e  N u c l e u s  G i g a n t o c e l l u l a r i s  o f  t h e  R e t i c u l a r  F o r m a t i o n .  

Y Y ~ Y~ Y ~ ~ a n d  v ~ a r e  ~ t h e~ G r o u p s ;~ (1) A p p r o x i m a t e ;  ( 2 )  R e a l  C o r r e l a t i o n .  



Group I V  ( 8  n e u r o n s ,  6 . 4 % ) .  B u r s t s  w h i c h  a r e  s e p a r a t e d  f r o m  
o n e  a n o t h e r  by s m a l l  n e g a t i v e  v a l u e s  a r e  c h a r a c t e r i s t i c  o f  t h e  c o r 
r e l a t i o n  f u n c t i o n  o f  t h e  n e u r o n s  i n  t h i s  g r o u p ,  ( F i g .  1 , I V ) .  
The d i s t a n c e s  b e t w e e n  t h e  b u r s t s  a r e  e q u a l  t o  h a l f  t h e  p e r i o d  o f  / 2  1 4  
t h e  r o c k i n g .  Such  a c o r r e l a t i o n  f u n c t i o n  c a n  b e  o b t a i n e d  f r o m  a 
random s e q u e n c e  o f  n u m b e r s  i n  w h i c h  g r o u p s  o f  n u m b e r s  w h i c h  d i f f e r  
s h a r p l y  i n  v a l u e  f r o m  t h e  o t h e r s  a r e  i n c l u d e d  a t  a n  e v e n  i n t e r v a l .  
T h i s  means t h a t  t h e  g i v e n  n e u r o n  r e a c t s  s p e c i f i c a l l y  o n l y  t o  i n 
d i v i d u a l  v a l u e s  o f  a c c e l e r a t i o n .  We c a n  a s s u m e  t h a t  t h e s e  b u r s t s  
c o i n c i d e  i n  t i m e  w i t h  t h e  moment o f  t h e  t r a n s i t i o n  o f  t h e  a c c e l e r a 
t i o n  t h r o u g h  z e r o .  

Group V ( 7  n e u r o n s ,  5 . 6 % ) .  F o r  t h e  c o r r e l a t i o n  f u n c t i o n  o f  
t h e s e  n e u r o n s  , th .e  p r e s e n c e  o f  p e r j  o d i c  c o m p o n e n t s  w i t h  a p e r i o d  
e q u a l  t o  t h e  p e r i o d  o f  t h e  r o c k i n g  i s  c h a r a c t e r i s t i c  ( F i g .  1 , V ) .  
I n  c o n t r a s t  t o  t h e  n e u r o n s  i n  Group 11, t h e  c o r r e l a t i o n  f u n c t i o n  
b e g i n s  w i t h  a n e g a t i v e  h a l f - w a v e .  On t h e  b a s i s  o f  t h e  t h e o r e m  o f  
s u m m a t i o n  o f  t h e  c o r r e l a t i o n  f u n c t i o n s ,  w e  c a n  a s s u m e  t h a t  i t  i s  
t h e  sum o f  t h e  c o r r e l a t i o n  f u n c t i o n s  f o r  t h e  n e u r o n s  i n  G r o u p s  I1 
a n d  I V .  T h e r e f o r e ,  i n  our c a s e ,  t h e  n e u r o n  w h i c h  g i v e s  s u c h  a 
c o r r e l a t i o n  f u n c t i o n  a l s o  r e a c t s  t o  a c h a n g e  i n  t h e  v a l u e  f o r  t h e  
a c c e l e r a t i o n  a n d  t o  some c o n c r e t e  v a l u e  o f  t h e  a c c e l e r a t i o n .  
( A c c o r ' d i n g  t o  o u r  a s s u m p t i o n s ,  g = 0 i s  s u c h  a v a l u e .  

We c o n s i d e r e d  t h e  n e u r o n s  f o r  a l l  t h e  g r o u p s ,  e x c e p t i n g  
Group I ,  as r e a c t i n g  s p e c i f i c a l l y  t o  a c h a n g e  i n  a c c e l e r a t i o n .  
They make up 8 5 . 6 %  o f  t h e  n e u r o n s  b e i n g  e x a m i n e d  i n  t h e  r e g i o n  o f  
t h e  n u c l e u s  g i g a n t o c e l l u l a r i s  o f  t h e  r e t i c u l a r  f o r m a t i o n  o f  t h e  
m e d u l l a  o b l o n g a t a .  
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THE EFFECT OF ADAPTATION TO DECREASED PARTIAL PRESSIIRE OF 
OXYGEN ON RESISTANCE TO ACCELESA.TIO!IS 

P . V .  Vasil'yev and N . N .  Uglova 

ABSTRACT: Whi t e  m ice ,  r a t s ,  g u i n e a  p i g s ,  and rab
b i t s  were used  i n  t h e  e x p e r i m e n t s .  In o r d e r  t o  
e v a l u a t e  t h e  organ i sm ' s  f u n c t i o n a l  c o n d i t i o n  be
f o r e  and a f t e r  t r a i n i n g  f o r  h y p o x i a ,  t h e  q u a n t i t y  
of e r y t h r o c y t e s  and hemoglobin  and t h e  l e v e l  of 
t h e  gas me tabo l i sm  were de t e rmined .  I n  a number 
of e x p e r i m e n t s ,  t h e  e l e c t r o c a r d i o g r a m s  and pneumo
grams were recorded  be f o r e ,  d u r i n g ,  and a f t e r  ro
t a t i o n .  The q u a n t i t y  of e r y t h r o c y t e s  and hemo
g l o b i n  i n c r e a s e d  a f t e r  a d a p t a t i o n  t o  hypox ia ;  t h e  
oxygen requ i remen t  d i d  n o t  change s u b s t a n t i a l l y .
The s u r v i v a l  r a t e  f o r  t h e  adapted  animals  dur ing
t h e  e f f e c t  o f  t h e  a c c e l e r a t i o n s  was 2 4 - 4 6 %  h i g h e r
t h a n  f o r  t h e  c o n t r o l  an ima l s .  The i n c r e a s e d  r e 
s i s t a n c e  was r e t a i n e d  f o r  two t o  t h r e e  weeks .  

The s e a r c h  f o r  a n  e f f e c t i v e  means o f  i n c r e a s i n g  an  o r g a n i s m ' s  1 2 1 5  
r e s i s t a n c e  t o  a c c e l e r a t i o n s  h a s  a c q u i r e d  p a r t i c u l a r  i m p o r t a n c e  
i n  v i e w  o f  t h e  r a p i d  p r o g r e s s  i n  a v i a t i o n  a n d  f l i g h t s  i n  s p a c e c r a f t .  

On t h e  b a s i s  o f  t h e  p r i n c i p a l  p a t h o g e n e t i c  m e c h a n i s m s  f o r  
t h e  e f f e c t  of  a c c e l e r a t i o n s ,  t h e  means  a n d  m e t h o d s  f o r  i n c r e a s i n g  
r e s i s t a n c e  a r e  b e i n g  d e v e l o p e d  i n  t h e  f o l l o w i n g  w a y s :  p r o d u c t i o n  o f  
a n t i - G  s u i t s ;  d e s i g n i n g  o f  s p e c i a l  s e a t s ,  w h i c h  g i v e  a n  a s t r o n a u t  
a n  optimum p o s i t i o n  i n  r e l a t i o n  t o  t h e  v e c t o r  o f  a c c e l e r a t i o n s ;  
r e s p i r a t i o n  u n d e r  i n c r e a s e d  p r e s s u r e ;  i m m e r s i o n  s y s t e m s  of v a r i o u s  
t y p e s ;  p h y s i c a l  t r a i n i n g  a n d  g e n e r a l  h a r d e n i n g  o f  an  o r g a n i s m ,  f o r  
p i l o t s  a n d  a s t r o n a u t s ;  s p e c i a l  t r a i n i n g  i n  a c e n t r i f u g e ;  i n c r e a s i n g  
a n  o r g a n i s m ' s  r e s i s t a n c e  b y  a p p l y i n g  p h a r m a c o l o g i c a l  means w i t h  
v a r y i n g  d i r e c t i o n s  o f  t h e  e f f e c t .  

E a c h  o f  t h e s e  m e t h o d s  h a s  i t s  a d v a n t a g e s  a n d  d i s a d v a n t a g e s .  / 2 1 6  
N a t u r a l l y ,  i n  l o o k i n g  f o r  means a n d  m e t h o d s  o f  i n c r e a s i n g  r e s i s 
t a n c e ,  p r e f e r e n c e  i s  g i v e n  t o  t h o s e  w h i c h  d o  n o t  r e q u i r e  c o m p l e x  
a n d  cumbersom i n s t a l l a t i o n s  , a n d  a r e  s i m p l e  f o r  t e s t i n g ,  i n e x p e n 
s i v e  , e f f e c t i v e  , a n d  w i d e l y  a c c e s s i b l e .  

D i r e c t e d  b y  t h e s e  p r i n c i p l e s ,  w e  m u s t  f i r s t  o f  a l l  s t u d y  t h e  
i n t r i n s i c  p o s s i b i l i t i e s  o f  t h e  o r g a n i s m  i t s e l f ,  t r a i n i n g  a n d  
s t i m u l a t i n g  i t s  c o m p e n s a t o r y  mechanism.  T h e s e  p u r p o s e s  c a n  b e  u s e d  
for g e n e r a l  p h y s i c a l  t r a i n i n g ,  t r a i n i n g  on a c e n t r i f u g e  [ 9 , 1 8 1 ,  
n o n - s p e c i f i c  t y p e s  o f  t r a i n i n g  a n d  a d a p t a t i o n  [ 6 , 1 6 ] ,  a n d  a p p l i 
c a t i o n  o f  p h a r a c o l o g i c a l  s u b s t a n c e s  [ 2 - 4 ,  1 3 ,  1 4 ,  1 9 - 2 1 ] ,  D e s p i t e  
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t h e  f a c t  t h a t  a number  o f  t h e s e  m e t h o d s  a r e  a l r e a d y  B e f n g  e m p l o y e d ,  
t h e i r  s e i e n t i f i c  b a s i s  i s  c l e a r l y  i n s u f f i c i e n t .  

The c o n c e p t s  o f  N . N .  S i r o t i n i n  [ l S l  on t h e  p o s s i b i l i t y  o f  
u s i n g  a c c l i m a t i z a t i o n  t o  h i g h - m o u n t a i n  c o n d i t i o n s ,  as w e l l  as on  
a n o n - s p e c i f i c  m e t h o d  f o r  i n c r e a s i n g  r e s i s t a n c e  t o  a c c e l e r a t i o n s  , 
a r e  o f  d e f i n i t e  i n t e r e s t .  T h i s  c o n c e p t  w a s  c o n f i r m e d  i n  e x p e r i m e n t a l  
s t u d i e s  b y  V . P .  D u d a r e v  [ S I .  T h i s  a u t h o r  showed t h a t  t h e  s u r v i v a l  
r a t e  o f  a c c l i m a t i z e d  w h i t e  r a t s ,  i n  p a r t i c u l a r ,  w a s  3 0 %  h i g h e r  t h a n  
f o r  c o n t r o l  a n i m a l s .  P r a c t i c a l  p r o b l e m s  u r g e n t l y  n e e d  f u r t h e r  
e x p a n s i o n  o f  t h e s e  i n i t i a l  s t u d i e s .  

The p u r p o s e  of t h i s  a r t i c l e  i s  t o  s t u d y  t h e  e f f e c t  o f  v a r i o u s  
m e t h o d s  o f  a d a p t a t i o n  on a n i m a l s '  r e s i s t a n c e  t o  a c c e l e r a t i o n s ,  
a n d  t o  d e t e r m i n e  t h e  p e r i o d s  o f  t i m e  r e q u i r e d  f o r  t h e  a n i m a l s '  
r e a d a p t a t i o n .  T h i s  a r t i c l e  i s  t h e  f i r s t  o f  a s e r i e s  o f  s t u d i e s .  

METHODS 

The e x p e r i m e n t s  were  c o n d u c t e d  on 5 7 1  w h i t e  m i c e ,  9 9  w h i t e  r a t s ,  
2 2  g u i n e a  p i g s ,  a n d  6 r a b b i t s .  

E a c h  s e r i e s  c o n s i s t e d  o f  a n  e v e n  number  o f  c o n t r o l  ( i n t a c t )  
a n d  e x p e r i m e n t a l  ( a d a p t e d  t o  r a r e f i e d  a t m o s p h e r e  i n  a p r e s s u r e  
c h a m b e r )  a n i m a l s .  

The l e n g t h  o f  t i m e  for a d a p t a t i o n  v a r i e d  f r o m  3 t o  1 4  d a y s .  
The maximum d e g r e e  o f  r a r e f a c t i o n  r e a c h e d  3 0 7 . 8 7  mm Hg, w h i c h  
c o r r e s p o n d e d  t o  a n  a l t i t u d e  o f  7000 m a b o v e  s e a  l e v e l .  

I n  o r d e r  t o  e v a l u a t e  t h e  a n i m a l s '  f u n c t i o n a l  c o n d i t i o n  b e f o r e  
a n d  a f t e r  t r a i n i n g  f o r  h y p o x i a ,  w e  d e t e r m i n e d  t h e  amount  o f  e r y t h r o 
c y t e s  a n d  h e m o g l o b i n  a n d  t h e  l e v e l  o f  t h e  g a s  m e t a b o l i s m  i n  t e r m s  
o f  t h e  o x y g e n  r e q u i r e m e n t  i n  some o f  t h e  a n i m a l s .  

The n e c e s s a r y  v a l u e s  f o r  t h e  t r a n s v e r s e l y - d i r e c t e d  a c c e l 
e r a t i o n s  w e r e  r e p r o d u c e d  i n  a c e n t r i f u g e  w i t h  a r a d i u s  o f  4 . 2  m 
f o r  t h e  w h i t e  r a t s ,  g u i n e a p i g s ,  a n d  r a b b i t s ,  a n d  i n  a c e n t r i f u g e  
w i t h  a r a d i u s  o f  4 . 7  m f o r  t h e  w h i t e  m i c e .  I n  r e l a t i o n  t o  t h e  type 
o f  a n i m a l  a n d  t h e  c h a r a c t e r  o f  t h e  e x p e r i m e n t ,  w e  u s e d  a c c e l 
e r a t i o n s  w i t h  v a l u e s  v a r y i n g  f r o m  1 2  t o  45  u n i t s .  The g r a d i e n t  
of i n c r e a s e  a n d  d e c r e a s e  of  an  a c c e l e r a t i o n  w a s  1 u n i t / s e c .  

I n  a number  o f  e x p e r i m e n t s ,  w e  r e c o r d e d  t h e  e l e c t r o c a r d i o g r a m s  / 2 1 7  
u s i n g  s t a n d a r d  l e a d s  I a n d  11; t h e  pneumograms w e r e  r e c o r d e d  on a 
pneumograph made by t h e  " E l e m a "  f i r m  ( T y p e  42-V) b e f o r e ,  d u r i n g ,  
a n d  a f t e r  r o t a t i o n .  The a n i m a l s  were  f a s t e n e d  i n  c o m p a r t m e n t s  on 
t h e i r  b a c k s  a n d  p l a c e d  i n  t h e  c e n t r i f u g e ,  o n e  c o n t r o l  a n i m a l  p e r  
c o n t a i n e r  , w i t h  a n o t h e r  e x p e r i m e n t a l  a n i m a l  i n  t h e  o p p o s i t e  con
t a i n e r .  I n  t h o s e  e x p e r i m e n t s  when t h e  p h y s i o l o g i c a l  f i m c t i o n s  w e r e  
n o t  r e c o r d e d ,  t h e  r o t a t i o n  w a s  p e r f o r m e d  w i t h  p l y w o o d  cases d i v i d e d  
i n t o  s e c t i o n s ;  o n e  a n i m a l  w a s  p l a c e d  i n  e a c h  s e c t i o n .  
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The t o l e r a n c e  t o  a c c e l e r a t i o n s  w a s  d e t e r m i n e d  f o r  t h e  m i c e  
on t h e  b a s i s  o f  a c o m p a r i s o n  o f  t h e  s u r v i v a l  r a t e  for ? h e  e x p e r i 
m e n t a l  a n d  c o n t r o l  g r o u p s .  

For t h e  o t h e r  t y p e s  o f  a n i m a l s ,  i n  a d d i t i o n  t o  t h e  s u r v i v a l  
r a t e ,  w e  a n a l y z e d  & e  c h a n g e s  i n  t h e  e l e c t r o c a r d i o g r a p h s  a n d  r e s p i 
r a t i o n ,  w h i c h  showed t h e  t i m e  o f  o n s e t  a n d  t h e  d e g r e e  o f  t h e  , d i s 
o r d e r s  i n  t h e  f u n c t i o n s  o f  t h e  c a r d i o v a s c u l a r  a n d  r e s p i r a t i o n  
s y s t e m s  . 

When p o s s i b l e ,  a l l  t h e  e x p e r i m e n t a l  m a t e r i a l s  were s u b j e c t e d  
t o  a m a t h e m a t i c a l  a n a l y s i s ,  w i t h  c a l c u l a t i o n  o f  t h e  a v e r a g e  a r i t h 
m e t i c  v a l u e s  (M), t h e  a v e r a g e  e r r o r  ( m ) ,  a n d  t h e  d e g r e e  o f  r e l i a 
b i l i t y  i n  t h e  d i f f e r e n c e s  o f  t h e  v a l u e s  o b t a i n e d  ( T ) C 5 , 7 , 1 1 1 .  

E X P E R I M E N T S  O N  W H I T E  M I C E  

The mice  were  d i v i d e d  i n t o  s e v e r a l  s e r i e s  i n  r e l a t i o n  t o  t h e  
l e n g t h  o f  t i m e  for a d a p t a t i o n ,  a n d  t h e  t i m e  o f  t h e  y e a r  ( T a b l e  1). 

I 
I1 

I11 

I V  
V 

- _ _  

O c t .  1 4  6 0  8 0  4 0 / 4 0  2 0 / 2 0  0 / 2 0  

Dec. 1 4  2 1  2 0  21/20 

Feb .  14 ;'t 40 40 2 0 / 2 0  2 0 / 2 0  


14 <: $: 40 40 2 0 / 2 0  2 0 / 2 0  
March 1 4  7 9  9 1  2 0 / 2 0  20/20 3 9 / 5 1  
A p r i l  3 . 5  30 30 3 0  / 3 0  

I n  t h e  f i r s t  f o u r  s e r i e s ,  a d a p t a t i o n  w a s  a c c o m p l i s h e d  a c c o r d 
i n g  t o  a s i n g l e  m e t h o d  w h i c h  c o n s i s t e d  o f  d a i l y  6 - h o u r  s e s s i o n s  a t  
h i g h  a l t i t u d e s :  t h e  f i r s t  d a y ,  a t  a n  a l t i t u d e  o f  3 0 0 0  m y  t h e  s e c o n d  
a n d  t h i r d  d a y s ,  a t  a n  a l t i t u d e  o f  4000 m y  t h e  f o u r t h  d a y ,  a t  .an /218 
a l t i t u d e  o f  4 5 0 0  m y  t h e  f i f t h  t o  s e v e n t h  d a y s ,  a t  a n  a l t i t u d e  o f  
5000 m y  t h e  e i g h t h  d a y ,  a t  a n  a l t i t u d e  o f  5500 m y  t h e  n i n t h  d a y ,  
a t  a n  a l t i t u d e  o f  6 0 0 0  m y  t h e  t e n t h  a n d  e l e v e n t h  d a y s ,  a t  a n  a l t i 
t u d e  o f  6500 m y  a n d  t h e  t w e l f t h  t o  f o u r t e e n t h  d a y s ,  a t  a n  a l t i t u d e  
o f  7000 m .  
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The a n i m a l s  o f  S e r i e s  V r e m a i n e d  a t  t h e  same a l t i t u d e  c o n 
t i n u o u s l y  f o r  3 . 5  d a y s ,  a n d  t h e  g r a p h  f o r  t h e  a f t e r  e f f e c t s  o f  t h e  
c l i m b s  r e m a i n e d  t h e  same as d u r i n g  t h e  1 4 - d a y  a d a p t a t i o n .  

D u r i n g  a d a p t a t i o n ,  t h e  m o i s t u r e  c o n t e n t  i n  t h e  p r e s s u r e  cham
b e r  r e m a i n e d  a t  a l e v e l  o f  5 0 - 7 0 % ,  a n d  t h e  t e m p e r a t u r e  a t  25-27O. 
The c o n d i t i o n s  f o r  r e m o v a l  a n d  f e e d i n g  were  t h e  same f o r  a l l  g r o u p s  
o f  c o n t r o l  a n d  e x p e r i m e n t a l  mice .  

A t  t h e  e n d  o f  t h e  d a p t a t i o n  t i m e ,  w e  c o u l d  n o t  f i n d  any  d i f 
f e r e n c e s  b e t w e e n  t h e  e x p e r i m e n t a l  a n d  c o n t r o l  mice by a n  e x t e r n a l  
e x a m i n a t i o n :  t h e y  a l l  r e a c t e d  i n  a l i v e l y  m a n n e r  t o  e x t e r n a l  s t i m 
u l i  ( p a i n ,  s o u n d ) ,  t h e y  were  a c t i v e  a n d  w i l l i n g l y  a t e  t h e i r  f o o d ,  
a n d  t h e i r  f u r  w a s  s m o o t h  a n d  s h i n y .  The  w e i g h t  o f  t h e  e x p e r i m e n t a l  
m i c e ,  as a r u l e  w a s  somewha t  l e s s  t h a n  t h a t  o f  t h e  c o n t r o l  mice .  

T h u s ,  for e x a m p l e ,  a n  e x a m i n a t i o n  o f  t h e  a n i m a l s  i n  S e r i e s  I V  
a f t e r  t h e  t e r m i n a t i o n  o f  a d a p t a t i o n  showed  t h a t  t h e  c o n t r o l  mice  
g a i n e d  more  w e i g h t ,  by a f a c t o r  o f  2 or 3 ,  t h a n  t h e  e x p e r i m e n t a l  
m i c e .  

I t  i s  now w e l l  known t h a t  t h e  o r g a n i s m s  o f  a n i m a l s  a n d  men 
r e s p o n d  t o  o x y g e n  d e f i c i e n c y  i n  t h e  i n s p i r e d  a i r  b y  a number  o f  
a d a p t a t i o n  r e a c t i o n s  i n t e n d e d  f o r  p r e s e r v a t i o n  o f  h o m e o s t a s i s .  
Many r e s e a r c h e r s ,  n a t i v e  a n d  f o r e i g n ,  h a v e  s t u d i e d  t h e s e  r e a c t i o n s .  

I n  r e l a t i o n  t o  t h i s ,  i t  h a s  b e e n  shown t h a t ,  i f  i n t e n s i f i c a t i o n  
o f  t h e  p u l m o n a r y  v e n t i l a t i o n  a n d  a n  i n c r e a s e  i n  t h e  m i n u t e  vo lume  
o f  t h e  b l o o d  a r e  m a i n l y  c h a r a c t e r i s t i c  o f  t h e  f i r s t  p e r i o d  o f  a d a p 
t a t i o n ,  t h e n  a n  i n c r e a s e  i n  t h e  amount  o f  e r y t h r o c y t e s  a n d  hemo
g l o b i n  a p p e a r s  l a t e r ,  i n  a g r a d u a l  r e a c t i o n  w h i c h  l a s t s  f o r  a l o n g  
p e r i o d  o f  t i m e .  

I n  our e x p e r i m e n t s  , w e  d e t e r m i n e d  t h e  amount  o f  e r y t h r o c y t e s  
a n d  h e m o g l o b i n  b e f o r e  a d a p t a t i o n ,  a n d  a l s o  d u r i n g  t h e  t h i r d  a n d  
s e v e n t h  d a y s  a f t e r  t e r m i n a t i o n  o f  a d a p t a t i o n  ( T a b l e  2 ) .  

From t h e  d a t a  p r e s e n t e d ,  w e  c a n  s e e  t h a t  t h e  q u a n t i t y  o f  
e r y t h r o c y t e s  a n d  h e m o g l o b i n  i n  t h e  w h i t e  m i c e  w a s  w i t h i n  t h e  l i m i t s  
o f  t h e  t y p e - n o r m  b e f o r e  t h e  e x p e r i m e n t  C151;  t h e  number  o f  r e d  
b l o o d  c o r p u s c l e s  v a r i e d  f r o m  8240 t o  8620 t h o u s a n d ,  a n d  t h e  amoun t  
o f  h e m o g l o b i n  v a r i e d  f r o m  1 2  t o  1 4  g % .  

A f t e r  a d a p t a t i o n  a c c o r d i n g  t o  t h e  m e t h o d  d e s c r i b e d ,  t h e r e  w a s  
a n  i n c r e a s e  i n  t h e  number  o f  e r y t h r o c y t e s  on t h e  t h i r d  day  ( a n  
a v e r a g e  p e r  g r o u p  o f  3500 t h o u s a n d ) ,  a n d  a n  i n c r e a s e  i n  t h e  amount  
o f  h e m o g l o b i n  b y  5 & % .  B l o o d  a n a l y s e s ,  c o n d u c t e d  on t h e  s e v e n t h  
d a y  a f t e r  t e r m i n a t i o n  o f  a d a p t a t i o n ,  showed  a c e r t a i n  d e c r e a s e  In 
t h e  c h a r a c t e r i s t i c s  b e i n g  s t u d i e d ,  i n  c o m p a r i s o n  w i t h  p r e v i o u s  
s t u d i e s .  

O t h e r  a u t h o r s  a l s o  o b s e r v e d  s i m i l a r  c h a n g e s  i n  h e m o p o i e s i s  
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d u r i n g  a d a p t a t i o n  t o  h y p o x i a  [6,16l. 

I n  a d d i t i o n  t o  s t u d y i n g  t h e  c h a r a c t e r i s t i c s  o f  t h e  r e d  b l o o d ,  
w e  d e t e r m i n e d  t h e  l e v e l  o f  t h e  o x y g e n  r e q u i r e m e n t  i n  1 0  m i c e  i n  a /219  
g i v e n  s e r i e s  o f  e x p e r i m e n t s ,  b e f o r e  a d a p t a t i o n  as w e l i  as on t h e  
f i r s t  a n d  s i x t h  d a y s  a f t e r  t h e  t e r m i n a t i o n  o f  a d a p t a t i o n  ( T a b l e  3 ) .  

T A B L E  2 .  A M O U N T  OF ERYTHROCYTES (PER THOUSAND) A N D  H E M O G L O B I N  ( P E R  
g % )  I N  THE B L O O D  OF W H I T E  M I C E  B E F O R E  A N D  A F T E R  A D A P T A T I O N .  

-

Before Adaptation 1
I-- Afte r  Adaptat ion 

Th i rd  Day 1 Seventh Day 

M & m 13M.42 

13.2 
13 8610 19 11220 17 11770 
14 8240 18 10630 15.8 10220 
13,2 8610 18 1268L' 17 99ou 
13,8 8240 19 12900 17 13000 
12,4 8470 19 12080 15.6 9240 
13 
12 

8390 
8540 

17 
16 

13000 
11520 

17,4 
15.6 

10140 
10050 

____~ - .. _ _T I - 1 - 10620j,490 
4.38 

AS w e  c a n  s e e ,  d u r i n g  t h e  f i r s t  f e w  d a y s  a f t e r  a d a p t a t i o n ,  t h e  
l e v e l  o f  t h e  oxygen  r e q u i r e m e n t  i n  t h e  mice  r e m a i n e d  u n c h a n g e d  i n  
c o m p a r i s o n  w i t h  t h e  c o n t r o l  s t u d i e s .  D u r i n g  t h e  f o l l o w i n g  d e t e r 
m i n a t i o n ,  w e  o b s e r v e d  a s l i g h t  i n c r e a s e  ( b y  1 4 % )  i n  t h e  g a s  e x 
c h a n g e ,  w h i c h  c a n  h a r d l y  b e  l i n k e d  w i t h  t h e  p r e c e d i n g  a d a p t a t i o n .  

T A B L E  3 .  D Y N A M I C S  OF O X Y G E N  R E Q U I R E M E N T  I N  T H E  M I C E  B E F O R E  A N D  A F T E R  
A D A P T A T I O N  T O  H Y P O X I A  ( A V E R A G E  P E R  G R O U P  OF 1 0  M I C E ) .  

T i m e  o f  1 T o t a l  Weigh t  I T o t a l  R e q u i r e m e n t  I R e q u i r e m e n t  
D e t e r m i n a t i o n  o f  t h e g r o u p , g  i n  1 5  min m l / k g  i n  1 min 

B e f o r e  Adap-
t a t i o n  1 9 2  2 1 0  7 2 . 8  

A f t e r  A d a p t a -
t i o n :  

F i r s t  Day 
S i x t h  Day 

2 0 8  
2 1 9  

225 
2 80 

7 2 . 1 2  
82 

. - _ _  

I n  o r d e r  t o  d e t e r m i n e  t h e i r  r e s i s t a n c e  t o  a c c e l e r a t i o n s ,  / 2 2 0  
t h e  a n i m a l s  were  r o t a t e d  i n  t h e  c e n t r i f u g e  f o r  v a r i o u s  p e r i o d s  o f  
t i m e  a f t e r  t h e  t e r m i n a t i o n  o f  t r a i n i n g  i n  t h e  p r e s s u r e  c h a m b e r .  
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I n  t h i s  case ,  w e  d i d  n o t  
t h e  s u r v i v a l  r a t e  o f  t h e  mice 
p e r i o d s  o f  a d a p t a t i o n ,  ( T a b l e  

TABLE 4 .  SURVIVAL R A T E  OF THE 
POXIA, D U R I N G  THE EFFECT OF 

( C o m p o s i t e  Date A c c o r d i n g  

Control  
Experimental 

Control 
Experimental  
Control 
Experimental 

We c a n  s e e  f r o m  t h e  d a t a  

n o t e  a n y  s i g n i f i c a n t  d i f f e r e n c e s  
i n  d i f f e r e n t  s e r i e s  f o r  i d e n t i c a l  
4 ) .  

W H I T E  M I C E  W H I C H  WERE ADAPTED TO 
ACCELERATIONS ( 4 5  UNITS).  

t o  S e r i e s  I - I V  o f  t h e  E x p e r i m e n t s )  

- .  

1-5-e 101 66 35 34.6 
100 32 68 68 

6-IO-e 63 31 28 46.6 
60 22 38 63.4 

11--18-e 39 25 14 35,9 
71 35 36 50.5 

p r e s e n t e d  t h a t  an  a c c e l e r a t i o n  of 

i n  

H Y 

4 5  u n i t s  ( t w i c e  i n  1 0  m i n ,  w i t h  a n  i n t e r v a l  o f  1 0  min b e t w e e n  e a c h  
r o t a t i o n )  r e s u l t e d  i n  d e a t h  f o r  t h e  c o n t r o l  m i c e  i n  more  t h a n  h a l f  
of t h e  c a s e s .  The a n i m a l s  w h i c h  s u r v i v e d  for s e r v e r a l  m i n u t e s  t o  
s e v e r a l  h o u r s  were  i n  a s t a t e  o f  h y p o d y n a m i a  a n d  g e n e r a l  i n h i b i t i o n  
T h e i r  r e a c t i o n s  t o  s o u n d  s i g n a l s  a n d  p a i n  s t i m u l i  were  s h a r p l y  r e 
d u c e d .  I n  t h i s  c a s e ,  w e  d i d  n o t  f i n d  a n y  d i f f e r e n c e  b e t w e e n  t h e  
a d a p t e d  a n d  c o n t r o l  mice  d u r i n g  t h i s  p . e r i o d  ( a s  d e t e r m i n e d  a c c o r d 
i n g  t o  t h e  g e n e r a l  m e t h o d s  o f  c l i n i c a l  o b s e r v a t i o n ) .  The p e r i o d  
f o r  r e c o v e r y  o f  t h e  p h y s i o l o g i c a l  f u n c t i o n s  l a s t e d  f o r  t h e  same 
p e r i o d  o f  t i m e .  

I n  c o m p a r i n g  t h e  d a t a  f o r  t h e  s u r v i v a l  r a t e  i n  t h e  e x p e r i m e n t a l  
a n d  c o n t r o l  g r o u p s ,  w e  c a n  s e e  t h a t  t h e  a d a p t a t i o n  h a d  a p r o n o u n c e d  
p o s i t i v e  e f f e c t .  

I n  t h i s  c a s e ,  t h e  m o s t  f a v o r a b l e  r e s u l t s  w e r e  f o u n d  f o r  r o t a 
t i o n  d u r i n g  t h e  f i r s t  f i v e  d a y s  a f t e r  a d a p t a t i o n .  D u r i n g  t h i s  t i m e ,  
t h e  s u r v i v a l  r a t e  i n  t h e  e x p e r i m e n t a l  g r o u p  w a s  t w i c e  as g r e a t  as 
i n  t h e  c o n t r o l  g r o u p .  I n  t h e  e x a m i n a t i o n s  d u r i n g  t h e  s i x t h  t o  
t e n t h  d a y s ,  t h e  e f f e c t  ( a l t h o u g h  i t  d e c r e a s e d  s o m e w h a t )  r e m a i n e d  
v e r y  p r o n o u n c e d  p o s i t i v e  e f f e c t .  
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I n  t h i s  c a se ,  t h e  m o s t  f a v o r a b l e  r e s u l t s  were  f o u n d  f o r  r o t a 
t i o n  d u r i n g  t h e  f i r s t  f i v e  d a y s  a f t e r  a d a p t a t i o n .  D u r i n g  t h i s  t i m e ,  
t h e  s u r v i v a l  r a t e  i n  t h e  e x p e r i m e n t a l  g r o u p  w a s  t w i c e  as g r e a t  as 
i n  t h e  c o n t r o l  g r o u p .  I n  t h e  e x a m i n a t i o n s  d u r i n g  t h e  s i x t h  t o  
t e n t h  d a y s ,  t h e  e f f e c t  ( a l t h o u g h  i t  d e c r e a s e d  s o m e w h a t )  r e m a i n e d  
v e r y  p r o n o u n c e d .  The r e s u l t s  o f  a s t a t i s t i c a l  a n a l y s i s  show t h a t  
i n  b o t h  cases  t h e  d i f f e r e n c e  i n  s u r v i v a l  r a t e  b e t w e e n  t h e  e x p e r i 
m e n t a l  a n d  c o n t r o l  g r o u p s  w a s  s i g n i f i c a n t ,  a n d  t h e  p r o b a b i l i t y  o f  
e r r o r  d i d  n o t  e x c e e d  0 . 1 %  i n  t h e  f i r s t  case a n d  5% i n  t h e  s e c o n d  
case .  

D u r i n g  t h e  f o l l o w i n g  d a y s ,  t h e  r e s i s t a n c e  o f  t h e  a d a p t e d  mice / 2 2 1  
c o n t i n u e d  t o  d e c r e a s e .  A c t u a l l y ,  i f  t h e  s u r v i v a l . r a t e  i n  t h e  ex
p e r i m e n t a l  g r o u p  r e a c h e d  6 8 %  d u r i n g  t h e  f i r s t  f i v e  d a y s ,  a n d  6 3 . 4 %  
d u r i n g  t h e  s i x t h  t o  t e n t h  d a y s ,  t h e n  it w o u l d  b e  5 0 . 5 %  i n  a l l  
d u r i n g  t h e  e l e v e n t h  t o  e i g h t e e n t h  d a y s .  I t  i s  t r u e  t h a t  i t  s t i l l  
e x c e e d e d  t h e  s u r v i v a l  r a t e  o f  t h e  c o n t r o l  g r o u p s ,  b u t  t h e  d i f f e r e n c e  
w a s  a l r e a d y  s t a t i s t i c a l l y  u n r e l i a b l e  ( T  = 1 . 5 2 ) .  

S u b s e q u e n t l y ,  w e  c a n  s e e  from an  a n a l y s i s  o f  t h e  r e s u l t s  o f  
t h e s e  e x p e r i m e n t s  t h a t  a d a p t a t i o n  t o  d e c r e a s e d  b arome t r i  c p r e s s u r e  
w a s  a c c o m p a n i e d  by  a s i g n i f i c a n t  i n c r e a s e  i n  t h e  r e s i s t a n c e  o f  t h e  
w h i t e  mice  t o  t h e  e f f e c t  o f  a c c e l e r a t i o n s ;  t h e  d u r a t i o n  o f  t h e  
i n c r e a s e d  r e s i s t a n c e  for t h e  a n i m a l s  l a s t e d  f o r  2 -3  w e e k s .  

An e x a m i n a t i o n  o f  t h e  r e s u l t s  o f  t h e  e x p e r i m e n t s  w i t h  r e p e a t e d  
a d a p t a t i o n  i s  o f  d e f i n i t e  i n t e r e s t .  

E x p e r i m e n t s  w e r e  c o n d u c t e d  i n  F e b r u a r y  on 1 1 0  a n i m a l s  w h i c h  
w e r e  d i v i d e d  i n t o  t h r e e  g r o u p s .  The f i r s t  g r o u p  i n c l u d e d  39 
a n i m a l s  w h i c h  h a d  a l r e a d y  b e e n  s u b j e c t e d  p r e v i o u s l y  t o  1 4 - d a y  
a d a p t a t i o n  t o  h y p o x i a .  The i n t e r v a l  b e t w e e n  t h e  p r e l i m i n a r y  a n d  
r e p e a t e d  a d a p t a t i o n s  w a s  4 1  d a y s .  A l l  d u r i n g  t h i s  t i m e ,  t h e  mice  
w e r e  k e p t  i n  a v i v a r i u m .  The s e c o n d  g r o u p  i n c l u d e d  4 0  p r e l i m i n a r i l y -
a d a p t e d  m i c e .  F i n a l l y ,  t h e  t h i r d  g r o u p  w e r e  t h e  c o n t r o l s .  

I 
F i g .  1. S u r v i v a l  R a t e  o f  Mice During Ro
t a t i o n  i n  a C e n t r i f u g e  on t h e  S e c o n d  ( A )  
a n d  N i n t h  (B) Days A f t e r  A d a p t a t i o n .  (1) 
P r e l i m i n a r y  A d a p t a t i o n ;  ( 2 )  R e p e a t e d ;  
(3) C o n t r o l .  

A B 

The t y p e  o f  a d a p t a t i o n  t o  h y p o x i a ,  t h e  t e m p e r a t u r e ,  a n d  t h e  
m o i s t u r e  c o n t e n t  i n  t h e  p r e s s u r e  c h a m b e r  w e r e  t h e  same d u r i n g  t h i s  
e x p e r i m e n t  as d u r i n g  t h e  p r e v i o u s  e x p e r i m e n t s .  
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A f t e r  1 4  d a y s  o f  a d a p t a t i o n ,  t h e  c o n d i t i o n  of a l l  t h e  a n i m a l s  
w a s  s a t i s f a c t o r y .  However ,  b o t h  e x p e r i m e n t a l  g r o u p s  l o s t  w e i g h t .  
The t o t a l  w e i g h t  o f  t h e  f i r s t  g r o u p  b e f o r e  a d a p t a t i o n  w a s  e q u a l  t o  
1 1 4 5  g ;  i m m e d i a t e l y  a f t e r  a d a p t a t i o n ,  i t  w a s  1 0 5 0  g . ,  i . e . , t h e  
l o s s e s  i n  w e i g h t  c o n s i s t e d  o f  95  g ( 8 . 4 %  o f  t h e  o r i g i n a l  w e i g h t ) .  

The m i c e  w h i c h  h a d  b e e n  a d a p t e d  f o r  a s e c o n d  t i m e  w e i g h e d  
1 1 5 0  g b e f o r e  t h e  e x p e r i m e n t  a n d  1 1 0  g a f t e r w a r d ,  i . e . ,  t h e y  l o s t  
50  g i n  w e i g h t ,  w h i c h  c o n s i s t e d  o f  4 . 3 5 % .  The g r o u p  o f  c o n t r o l  
a n i m a l s  g a i n e d  200 g i n  w e i g h t  d u r i n g  t h e  same p e r i o d ,  i . e . ,  1 4 % .  

The r e s i s t a n c e  t o  a c c e l e r a t i o n s  w a s  d s t e r m i n e d  d u r i n g  t h e  
s e c o n d  a n d  n i n t h  d a y s  a f t e r  a d a p t a t i o n  ( F i g .  1). 

I n  e x a m i n i n g  t h e  r e s u l t s  p r e s e n t e d ,  w e  c a n  s e e  t h a t  t h e  p o s i 
t i v e  e f f e c t  a p p e a r e d  more  c l e a r l y  on t h e  s e c o n d  d a y  f o r  t h e  g r o u p  
w h i c h  h a d  b e e n  a d a p t e d  t w i c e .  The s u r v i v a l  r a t e  i n  t h i s  g r o u p  w a s  
30% h i g h e r  t h a n  i n  t h e  c o n t r o l s .  S t a t i s t i c a l l y ,  t h i s  d i f f e r e n c e  
i s  r e l i a b l e  i n  c o m p a r i s o n  w i t h  t h e  s u r v i v a l  r a t e  i n  t h e  c o n t r o l  / 2 2 2  
g r o u p  (T = 2 . 3 ) .  

The e f f e c t  o f  p r e l i m i n a r y  a d a p t a t i o n  w a s  i n s i g n i f i c a n t  f o r  ro
t a t i o n  d u r i n g  t h e  s e c o n d  d a y  i n  t h i s  e x p e r i m e n t ,  a n d  t h e  s u r v i v a l  
r a t e  f o r  t h e  s e c o n d  g r o u p  d i f f e r e d  f r o m  t h e  s u r v i v a l  r a t e  i n  t h e  
c o n t r o l  by 5% i n  a l l .  

D u r i n g  t h e  r o t a t i o n  on t h e  n i n t h  d a y ,  t h e  s u r v i v a l  r a t e  i n  
t h e  s e c o n d  g r o u p  r e m a i n e d  t h e  same as i n  t h e  p r e v i o u s  e x p e r i m e n t ,  
w h i l e  i t  d e c r e a s e d  by  22% for t h o s e  i n  t h e  f i r -s t  g r o u p .  

We h a v e  t h e  i m p r e s s i o n  t h a t  r e p e a t e d  a d a p t a t i o n  t o  d e c r e a s e d  
b a r o m e t r i c  p r e s s u r e  i s  a c c o m p a n i e d  by  a more s i g n i f i c a n t  i n c r e a s e  
i n  r e s i s t a n c e  t o  t h e  e f f e c t  o f  a c c e l e r a t i o n s  t h a n  for i n i t i a l  
a d a p t a t i o n .  

T h u s ,  r e m a i n i n g  i n  a p r e s s u r e  chamber  f o r  6 h o u r s ,  e v e r y  d a y  
f o r  1 4  d a y s ,  r e s u l t e d  i n  a c l e a r l y  p r o n o u n c e d  i n c r e a s e  i n  t h e  
r e s i s t a n c e  o f  t h e  m i c e  t o  t h e  e f f e c t  o f  a c c e l e r a t i o n s .  

We were t e m p t e d  t o  s h o r t e n  t h e  p e r i o d  o f  t i m e  f o r  a d a p t a t i o n  
by  means  o f  c o n t i n u o u s  t r a i n i n g  f o r  84  h o u r s ,  k e e p i n g  t h e  mice a t  
a c e r t a i n  a l t i t u d e  f o r  a s h o r t e r  p e r i o d  o f  t i m e ,  f o r  w h i c h  w e  e s 
t a b l i s h e d  S e r i e s  V o f  t h e  e x p e r i m e n t s  ( 1 0 0  w h i t e  m i c e ) .  

The mice  were  t r a i n e d  i n  a p r e s s u r e  c h a m b e r  i n  t h e  f o l l o w i n g  
way: 6 h o u r s  a t  a n  a l t i t u d e  o f  3 0 0 0  m ,  1 2  h o u r s  a t  a n  a l t i t u d e  o f  
4000 m ,  6 h o u r s  a t  4500  m ,  1 2  h o u r s  a t  5000 m ,  6 h o u r s  a t  5 5 0 0  m ,  
6 h o u r s  a t  6000 m ,  1 2  h o u r s  a t  6500 m ,  a n d  1 8  h o u r s  a t  7 0 0 0  m .  
T h i s  c o r r e s p o n d e d  t o  6 h o u r s  o f  t h e  e f f e c t  f o r  1 4  d a y s .  

The a n i m a l s  were r o t a t e d  i n  t h e  c e n t r i f u g e  on t h e  s e c o n d  a n d  
f o u r t h  d a y s  ( T a b l e  5 ) .  
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T A B L E  5 .  SURVIVAL R A T E  OF THE M I C E  D U R I N G  THE EFFECT OF A C C E L 
ERATIONS AFTER R E M A I N I N G  CONTINUOUSLY I N  A PRESSURE CHAMBER FOR 84 

HOURS 
-. ~~~ 

C o n t r o l  
1 5  

- . .. - .- .- ._ 

We c a n  s e e  f r o m  T a b l e  5 t h a t  
w a s  1 3 %  l o w e r  on  t h e  s e c o n d  

However ,  i n  a m a t h e m a t i c a l  
t o  b e  u n r e l i a b l e  (2 '  = 0 . 7 2 ) .  

On t h e  f o u r t h  d a y ,  t h e r e  w a s  

ReHabiE~, T 

40 
I 

. - . .. -

t h e  s u r v i v a l  r a t e  i n  t h e  c o n t r o l  
d a y  t h a n  i n  t h e  e x p e r i m e n t a l  

a n a l y s i s  , t h e  d i f f e r e n c e  w a s  

n o  d i f f e r e n c e  i n  t h e  s u r v i v a l  
r a t e s .  T h e r e f o r e ,  w e  d i d  n o t  f i n d  a n y  p o s i t i v e  e f f e c t  f o r  t h e  
c h a r a c t e r i s t i c s  o f  r e s i s t a n c e  t o  a c c e l e r a t i o n s  f o r  t h i s  t y p e  
o f  a d a p t a t i o n .  

EXPERIMENTS O N  W H I T E  RATS 

We e x a m i n e d  99 w h i t e  r a t s  ( m a l e s ,  w e i g h i n g  140-180 g ) .  

The c o n d i t i o n s  f o r  k e e p i n g  a n d  f e e d i n g  t h e  a n i m a l s  i n  t h e  
c o n t r o l  a n d  e x p e r i m e n t a l  g r o u p s  w e r e  i d e n t i c a l .  The c o n t r o l  r a t s  
g a i n e d  w e i g h t  d u r i n g  t h e  a d a p t a t i o n ,  r o u g h l y  2 2 . 4 %  more t h a n  t h e  
e x p e r i m e n t a l  a n i m a l s .  

I n v e s t i g a t i o n s  o f  t h e  a m o u n t s  o f  e r y t h r o c y t e s  a n d  h e m o g l o b i n  
were  made on 6 r a t s  k e f o r e  a d a p t a t i o n ,  as w e l l  as on t h e  f i r s t  a n d  
s e v e n t h  d a y s  a f t e r  t h e  a d a p t a t i o n ,  ( T a b l e  6 ) .  

I t  f o l l o w s  f r o m  T a b l e  6 t h a t ,  b e f o r e  t h e  a d a p t a t i o n  o f  t h e  
w h i t e  r a t s ,  t h e a m o u n t  o f  e r y t h r o c y t e s  v a r i e d  f r o m  6 6 9 0  t o  7590 
t h o u s a n d ,  a n d  t h e  amount  o f  h e m o g l o b i n  v a r i e d  f r o m  1 3 . 4  t o  1 5  g % .  
On t h e  f i r s t  day  a f t e r  t e r m i n a t i o n  o f  a d a p t a t i o n ,  t h e  number  o f  
e r y t h r o c y t e s  ( a v e r a g e  p e r  g r o u p )  i n c r e a s e d  b y  9 1 0  t h o u s a n d ,  a n d  
t h e  amount  o f  h e m o g l o b i n  i n c r e a s e d  b y  1 . 4  g%. On t h e  s e v e n t h  d a y ,  
t h e s e  d i f f e r e n c e s  w e r e  f o u n d  t o  b e  e v e n  somewhat  h i g h e r .  

F o r  t h e  same s i x  r a t s ,  w e  d e t e r m i n e d  t h e  l e v e l  o f  t h e  g a s  
e x c h a n g e ,  b e f o r e  a n d  on t h e  f i r s t  d a y  a f t e r  a d a p t a t i o n .  The a n i 
m a l s  were p l a c e d  i n  t h e  c h a m b e r  i n  p a i r s .  I n  b o t h  c a s e s ,  t h e  
p a i r s  c o n s i s t e d  o f  t h e  same r a t s .  

/ 2 2 3  
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2 
3 
4 
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3 
4 

5 
6 

TABLE 6 .  A M O U N T S  OF E R Y T H R O C Y T E S  (PER THOUSAND) A N D  H E M O G L O B I N  (PER 
g%) I N  THE B L O O D  OF W H I T E  RATS BEFORE A N D  AFTER ADAPTATION. 

- ---__q.1 B e f o r e  7-----
ition I After-Adaptation 

First Day
-

rhous* g% hous.I L- -. 

13'4 7480 15 
15 7400 15.2 8900 
15 6830 16 7820 
13,4 6690 15.4 9050 
14 7590 16 6900 14 7530 
14.6 7060 15,4 8300 15.4 8900 

M 14.07 7180 16 8090 15.24 8440 


However .  t h e  i n c r e a s e  i n  f t h e  o x y g e n  r e q u i r e m e n t  
o b s e r v e d  i n  them on t h e  f i r s t  day  a f t e r  t h e  a d a p t a t i o n  w a s  u n r e 
l i a b l e .  

We d e t e r m i n e d  t h e  e f f e c t  o f  a d a p t a t i o n  on t h e  r e s i s t a n c e  t o  
a c c e l e r a t i o n s  on  t h e  1 - 5 t h ,  6 - 1 O t h ,  a n d  1 1 - 1 6 t h  d a y s  a f t e r  a d a p 
t a t i o n  ( T a b l e  7 ) .  

We c a n  s e e  f r o m  t h e  d a t a  p r e s e n t e d  t h a t ,  on t h e  1-331 d a y s ,  
t h e  s u r v i v a l  r a t e  i n  t h e  e x p e r i m e n t a l  g r o u p  e x c e e d e d  t h a t  i n  t h e  
c o n t r o l  by a f a c t o r  o f  a l m o s t  t w o .  On t h e  6 - 1 0 t h  d a y s ,  t h e  p o s i 
t i v e  e f f e c t  p r o v e d  t o  b e  e v e n  somewhat  h i g h e r .  The d i f f e r e n c e  i n  
s u r v i v a l  r a t e s  b e t w e e n  t h e  c o n t r o l  a n d  e x p e r i m e n t a l  a n i m a l s  w a s  
e q u a l  t o  4 3 % .  The r e s u l t s  o f  t h e  r o t a t i o n s  i m p o s e d  on t h e  1 1 - 1 6 t h  / 2 2 4  
d a y s  show c o m p l e t e  d i s a p p e a r a n c e  o f  t h e  p o s i t i v e  e f f e c t  o f  a d a p t a 
t i o n  t o  h y p o x i a  on t h e  a n i m a l s '  t o l e r a n c e  t o  a c c e l e r a t i o n s .  

H Y P O X I A ,  

- .  

S u r v i v a l  
R a t e ,  % 

. . .  __ 

C o n t r o l  
Experirrental  1 - 5 t h  2 8  

37 
2 1  
2 0  

7 
17 

2 5  
46 

C o n t r o l  
E k p r i m a t a l  

6 - 1 0 t h  7 
7 

6 
3 

1 
4 

1 4  
57 

C o n t r o l  
Exper imenta l  1 1 - 1 6 t h  1 0  

10 
7 
7 

3 
3 

30 
30 

-~ _ _  
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The r a t s '  t o l e r a n c e  t o  a c c e l e r a t i o n s  w a s  d e t e r m i n e d ,  n o t  
o n l y  by t h e  s u r v i v a l  r a t e ,  b u t  a l s o  by  t h e  d a t a  f r o m  t h e  e l e c t r o 
c a r d i o g r a p h s  a n d  r e s p i r a t i o n .  The r e c o r d i n g s  were made f o r  9 con
t r o l  a n d  9 e x p e r i m e n t a l  a n i m a l s  b e f o r e ,  d u r i n g ,  a n d  a f t e r  r o t a t i o n  
i n  t h e  c e n t r i f u g e .  The amount  o f  t h e  a c c e l e r a t i o n  w a s  i n c r e a s e d  
i n t e r m i t t e n t l y ,  w i t h  a n  i n t e r v a l  of  5 u n i t s  a n d  a r a t e  o f  i n c r e a s e  
o f  1 u n i t / s e c .  A t  e a c h  s t a t e  o f  t h e  a c c e l e r a t i o n  ( 5 , 1 0 , 1 5  u n i t s ,  
e t c ) ,  w e  made a " p l a t e a u "  for 1 min .  A t  t -he  e n d  o f  t h e  p l a t e a u ,  
w e  r e c o r d e d  t h e  e l e c t r o c a r d i o g r a m s  a n d  t h e  r e s p i r a t i o n  f o r  1 0 - 1 5  
s e c .  

100 
a, 80 
VJ 60 

r 4 . P  

? a  
64 si 20 

0 


Background1 a c c e l e r a t i o n , u n i t s  'Time after effect ,min 

F i g .  2 .  P u l s e  R a t e  for R a t s  D u r i n g  t h e  E f f e c t  o f  a n  A c c e l e 
r a t i o n ,  I n c r e a s i n g  S t e p w i s e .  (1) E x p e r i m e n t ;  ( 2 )  C o n t r o l .  

I n  a n a l y z i n g  t h e  m a t e r i a l s  o b t a i n e d ,  we n o t i c e  i n  p a r t i c u l a r  
t h a t ,  o u t  o f  t h e  1 8  a n i m a l s ,  a c o m p e n s a t o r y  i n c r e a s e  i n  t h e  
r a t e  of  t h e  c a r d i a c  a c t i v i t y  w a s  o b s e r v e d  o n l y  i n  4 r a t s  ( 3  c o n 
t r o l  a n d  1 a d a p t e d ) .  The t a c h y c a r d i a  i n  t h i s  case  d i d  n o t  e x c e e d  
2 - 7 % ;  as a r u l e ,  t h i s  w a s  o b s e r v e d  d u r i n g  a c c e l e r a t i o n s  w h i c h  / 2 2 5  
w e r e  n o t  h i g h e r  t h a n  2 0  u n i t s  ( F i g .  2 ) .  

t El 

F i e .  3. P u l s e  R a t e  a n d  R e s p i r a t i o n  R a t e  for R a t s  D u r i n g  t h e  E f f e c t  
o f  A c c e l e r a t i o n s  I n c r e a s i n g  S t e p w i s e .  Symbol s  a s  i n  F i g u r e  2 .  

2 3 9  
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B I-

Fig .  4 .  E l e c t r o c a r d i o g r a m s  a n d  R e s p i r a t i o n  �or a C o n t r o l  ( A )  a n d  an  A d a p t e d  
( B  R a t  D u r i n g  t h e  E f f e c t  o f  A c c e l e r a t i o n s .  (1) E l e c t r o c a r d i o g r a m ,  1st  L e a d ;  
( 2  E l e c t r o c a r d i o g r a m ,  I I I r d  L e a d ;  ( 3 )  R e s p i r a t i o n .  



I n  8 a n i m a l s ,  e v e n  d u r i n g  a n  a c c e l e r a t i o n  o f  5 u n i t s ,  t h e r e  
w a s  a d e c r e a s e  i n  t h e  p u l s e  r a t e ,  w h i c h  s u b s e q u e n t l y  p r o g r e s s e d  a t  
a v a r y i n g  r a t e .  A s h a r p l y - p r o n o u n c e d  b r a d y c a r d i a ,  i n d i c a t i n g  
d e v e l o p i n g  d e c o m p e n s a t i o n ,  w a s  o b s e r v e d  i n  m o s t  of t h e  r a t s  d u r i n g  
a c c e l e r a t i o n s  o f  3 - 34 u n i t s  ( F i g s .  2 a n d  3 ) ;  i n  some a n i m a l s  
i t  w a s  s e e n  c l e a r l y  e v e n  d u r i n g  a c c e l e r a t i o n s  of  1 5  u n i t s .  

I n  n e a r l y  e v e r y  e x p e r i m e n t  , b r a d y c a r d i a  a p p e a r e d  e a r l i e r  a n d  
i n  a more p r o n o u n c e d  f o r m  f o r  t h e  c o n t r o l  r a t s  ( F i g u r e s  2 a n d  3 ) .  
On t h e  e l e c t r o c a r d i o g r a m s ,  a c h a n g e  i n  t h e  i n t e r v a l s  o f  t h e  R - R  waves  
a n d  i n  t h e i r  a m p l i t u d e s  ( F i g .  3 )  w a s  v e r y  a p p a r e n t ,  a n d  a l s o  a p p q a r e d  
o n l y  d u r i n g  a c c e l e r a t i o n s  o f  more  t h a n  25 - 30 u n i t s .  However ,  i n  
some a n i m a l s  w e  d i d  n o t  n o t i c e  a n y  p a t h o l o g i c a l  c h a n g e s  on t h e  p a r t  
o f  t h e  e l e m e n t s  i n  t h e  e l e c t r o c a r d i o g r a m s ,  e v e n  d u r i n g  a c c e l 
e r a t i o n s  o f  40 u n i t s .  F o r  t h e  a n i m a l s  w h i c h  d i d  n o t  s u r v i v e ,  t h e  
r a t e  o f  h e a r t  c o n t r a c t i a n s  t o w a r d  t h e  end  o f  t h e  r o t a t i o n  was  
1 0 - 1 9 %  o f  t h e  o r i g i n a l ,  a n d  f o r  t h o s e  wh ich  d i d  s u r v i v e ,  i t  w a s  
1 8 - 2 2 % .  

The c a r d i a c  a c t i v i t y  w a s  r e c o v e r e d  g r a d u a l l y .  On lv  i n  t w o  o u t  
of 1 8  e x p e r i m e n t s  d i d  t h e  p u l s e  r a t e  come c l o s e  t o  t h e  norm i n  
a b o u t  4 m i n ;  i n  a l l  t h e  o t h e r  c a s e s ,  t h e  r e c o v e r y  t i m e  w a s  l o n g e r  
t h a n  1 0  min .  

T h e r e f o r e ,  t h e r e  w a s  a l s o  a d e f i n i t e l y  h i g h  r e s i s t a n c e  f o r  t h e  / 2 2 7  
a d a p t e d  a n i m a l s  t o  t h e  e f f e c t  o f  a c c e l e r a t i o n s  a c c o r d i n g  t o  
t h e  d a t a  f r o m  t h e  e l e c t r o c a r d i o g r a p h s .  

A t  t h e  b e g i n n i n g  o f  t h e  r o t a t i o n ,  t h e r e  w a s  a c o m p e n s a t o r y  
i n t e n s i f i c a t i o n  o f  t h e  r e s p i r a t i o n ,  w h i c h  w a s  e x p r e s s e d  e i t h e r  b y  
a n  i n c r e a s e  i n  f r e q u e n c y  or d e p t h ,  or by a combined  i n c r e a s e  i n  

~ 	 b o t h  p a r a m e t e r s  ( F i g .  4 ) .  D u r i n g  a n  a c c e l e r a t i o n  o f  1 5  - 2 0  u n i t s ,  
t h e r e  d e v e l o p e d  a c o m p l i c a t i o n  i n  t h e  r e s p i r a t o r y  movemen t s ,  a n d  t h i s  
w a s  o f t e n  i n d i c a t e d  by  a s t r a i g h t  l i n e  on t h e  c u r v e s  ( F i g .  3 ) .  

D u r i n g  t h e  r e c o v e r y  p e r i o d ,  t h e r e  w a s  a c l e a r l y - p r o n o u n c e d  
c o m p e n s a t o r y  d y s p n e a  i n  m o s t  c a s e s .  W e  d i d  n o t  f i n d  a n y  s i g n i f i 
c a n t  d i f f e r e n c e s  i n  t h e  c h a n g e  o f  r e s p i r a t i o n  b e t w e e n  t h e  c o n t r o l  
a n d  e x p e r i m e n t a l  a n i m a l s .  

EXPERIMENTS O N  G U I N E A  PIGS A N D  RABBITS 

We u s e d  2 2  g u i n e a  p i g s  ( m a l e s )  w e i g h i n g  310-350 g a n d  6 
r a b b i t s  ( m a l e s )  w e i g h i n g  f r o m  2880 t o  3050 g i n  t h e  e x p e r i m e n t s ;  
o f  t h e s e ,  11 g u i n e a  p i g s  a n d  3 r a b b i t s  w e r e  a d a p t e d  t o  h y p o x i a  u n d e r  
t h e  c o n d i t i o n s  o f  a p r e s s u r e  chamber .  

D u r i n g  t h e  s t u d y  p e r i o d ,  t h e  c o n t r o l  g u i n e a  p i g s  g a i n e d  1 1 . 3 %  
more  w e i g h t  t h a n  d i d  t h e  e x p e r i m e n t a l  o n e s .  A s  f o r  t h e  r a b b i t s ,  
t h e  a d a p t e d  a n i m a l s  l o s t  5 . 1  t o  1 2 %  more  w e i g h t  ( T a b l e  8 ) .  

2 4 1  
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TABILL U .  W L l t i H . 1  U f  G U I N E A  PIGS A N D  RABBITS BEFORE A N D  AFTER ADAPTA

T I O N  (AVERAGED DATA) 

- -. - -

A n i m a l s  Group  ~~. Change  i n  W e i g h t  

A d a p t  a t  ion  IA d a p t  a t  ion  A b s o l u t e , g  
_ _  I -. % o f  0i.ighal.-

G u i n e a  
P i g s  C o n t r o l  32 0 350 + 6 0  + 1 8 . 8  

A d a p t e d  321  345 $ 2 4  + 7 . 5  

R a b b i t s  	 C o n t r o l  2960 3200 + 8 . 1  
A d a p t e d  2916 2 6 8 3  - 2 3 3  1 - 8 

-. 

I n  o r d e r  t o  e v a l u a t e  t h e  m e t h o d  u s e d  f o r  a d a p t a t i o n  o f  t h e  
e x p e r i m e n t a l  a n i m a l s  , w e  d e t e r m i n e d  t h e  amount o f  e r y t h r o c y t e s  a n d  
h e m o g l o b i n .  The s t u d i e s  w e r e  c o n d u c t e d  on  6 g u i n e a  p i g s  a n d  3 
r a b b i t s  b e f o r e  a d a p t a t i o n  a n d  on t h e  s e c o n d  a n d  s e v e n t h  d a y s  a f t e r  
a d a p t a t i o n  ( T a b l e  9 ) .  

I n  c o m p a r i n g  t h e  r e s u t l s  o b t a i n e d ,  w e  c a n  s e e  t h a t ,  a f t e r  t h e  
t e r m i n a t i o n  o f  a d a p t a t i o n ,  t h e  amount  of  e r y t h r o c y t e s  i n  t h e  g u i n e a  
p i g s  i n c r e a s e d  d u r i n g  t h e  s t u d i e s  on t h e  s e c o n d  d a y  b y  6 3 0 , 0 0 0 ,  
a n d  on t h e  s e v e n t h  d a y ,  by 8 1 0 , 0 0 0 .  The amount  o f  h e m o g l o b i n  re- / 2 2 8  
m a i n e d  p r a c t i c a l l y  t h e  

1 12 
2 13 

3 15 

4 14 

5 14 

6 14,4 

M*m 13 7f-0,44
T 

1 12 

2 '3 

3 13 

M f m  12,8*0,49
T -

same. 

Thou Second Day I SeventhDay 
. .. . . 

- .-.. I sand 

6050 13.4 6920 14 

5640 13.5 6180 13.2 

6540 14.9 6490 15.2 

5720 14.4 6570 14.6 

6430 15-4 6730 16 

5670 13.4 6980 15 


6DiO5160 14,1&0,35 66405120 14,7f0,40
- 0.7 3,30 1.7 


4690 14 5560 15 

4500 13 5300 a4 

4900 13,5 4700 15 


4700f115 13,5&0,09 5190f255 14,750,11 

- 3.9 1.75 10 

7080 

6860 

6380 

7610 

6370 

6600 


6820f185 

3.4 


5500 

7180 

7020 


6570f535 

3,43 
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We d e t e r m i n e d  t h e  l e v e l  o f  t h e  g a s  e x c h a n g e  a c c o r d i n g  t o  t h e  
02  r e q u i r e m e n t  i n  3 p a i r s  o f  g u i n e a  p i g s ,  1 5  min  b e f o r e  t h e  e x p e r 
i m e n t  a n d  on t h e  f i r s t  a n d  s i x t h  d a y s  a f t e r w a r d  ( T a b l e  1 0 ) .  

D u r i n g  r o t a t i o n  i n  t h e  c e n t r i f u g e ,  8 o u t  o f  11 a d a p t e d  g u i n e a  
p i g s  s u r v i v e d ,  a n d  3 o f  t h e  c o n t r o l s  s u r v i v e d .  T h e r e f o r e ,  t h e  
s u r v i v a l  r a t e  i n  t h e  e x p e r i m e n t a l  g u i n e a  p i g s  w a s  4 5 . 7 %  h i g h e r .  
Out  o f  t h e  6 r a h b i t s  ( 3  c o n t r o l  a n d  3 e x p e r i m e n t a l )  s u b j e c t e d  t o  t h e  
e f f e c t  o f  a c c e l e r a t i o n s ,  o n l y  1 s u r v i v e d ;  t h e  l a t t e r  h a d  b e e n  
a d a p t e d  t o  c o n d i t i o n s  o f  h y p o x i a .  

A s  w a s  t h e  case f o r  t h e  r a t s ,  t h e  t o l e r a n c e  o f  t h e  g u i n e a  p i g s  
a n d  r a b b i t s  w a s  d e t e r m i n e d  a c c o r d i n g  t o  t h e  e l e c t r o c a r d i o g r a p h s  a n d  
r e s p i r a t i o n .  

The c o m p e n s a t o r y  i n c r e a s e  i n  t h e  r a t e  o f  t h e  c a r d i a c  
a c t i v i t y  w a s  more c l e a r l y  p r o n o u n c e d  i n  t h e  g u i n e a  p i g s  t h a n  i n  t h e  
r a t s .  T h i s  w a s  o b s e r v e d  i n  1 4  o u t  o f  2 2  a n i m a l s .  T h i s  i n c r e a s e  i n  
t h e  r a t e ,  a s  a r u l e ,  w a s  n o t e d  i n  t h e  c o n t r o l  a n i m a l s  d u r i n g  
a c c e l e r a t i o n s  w h i c h  w e r e  n o t  h i g h e r  t h a n  5 - 1 0  u n i t s ,  and  i n  t h e  
e x p e r i m e n t a l  a n i m a l s  d u r i n g  s t r e s s e s  up t o  1 5  u n i t s .  B r a d y c a r d i a  / 2 2 9  
t h e n  a p p e a r e d ,  w i t h  v a r y i n g  i n t e n s i t y :  for mos t  o f  t h e  e x p e r i m e n t a l  
g u i n e a  p i g s ,  d u r i n g  a n  a c c e l e r a t i o n  o f  2 0  u n i t s ;  f o r  t h e  c o n t r o l  
a n i m a l s ,  d u r i n g  a n  a c c e l e r a t i o n  o f  10 - 1 5  u n i t s  ( F i g .  5 ) .  Sub
s e q u e n t l y ,  t h e  o n s e t  o f  b r a d y c a r d i a  a p p e a r e d  s o o n e r  a n d  more s h a r p l y  
i n  t h e  c o n t r o l  g u i n e a  p i g s .  

The c a r d i a c  a c t i v i t y  w a s  r e c o v e r e d  r a t h e r  s l o w l y .  I n  mos t  
cases  , t h e  r e c o v e r y  t i m e  e x c e e d e d  1 0 - 2 5  min .  

A c l e a r l y - p r o n o u n c e d  r e s p i r a t i o n a l  a r rhy thmia  w a s  n o t e d  i n  
b o t h  c o n t r o l  a n d  e x p e r i m e n t a l  a n i m a l s .  

I n  a d d i t i o n  t o  t h e  r e a c t i o n  on t h e p r t  o f  t h e  c a r d i o v a s c u l a r  
s y s t e m ,  t h e r e  was a c o m p e n s a t o r y  i n t e n s i f i c a t i o n  o f  r e s p i r a t i o n  a t  
t h e  b e g i n n i n g  o f  t h e  e f f e c t  of t h e  a c c e l e r a t i o n s ,  w h i c h  a p p e a r e d  
b o t h  as a n  i n c r e a s e  i n  t h e  r a t e  and  a s  a n  i n c r e a s e  i n  i t s  
d e p t h ;  f o r  t h e  a d a p t e d  a n i m a l s ,  t h e  r a t e  of t h e  r e s p i r a t i o n  
c y c l e s ,  on t h e  a v e r a g e ,  i n c r e a s e d  by 3 2 % ,  a n d  f o r  t h e  c o n t r o l  a n i 
m a l s ,  b y  40% ( F i g .  6 ) .  Even  d u r i n g  a n a c c e l e r a t i o n  o f  2 0  u n i t s ,  
as a r u l e ,  t h e r e  w a s  s t i l l  d i f f i c u l t y  i n  t h e  r e s p i r a t i o n  movements  
( e x p r e s s e d  i n  a s h a r p  i n c r e a s e  o f  t h e i r  a m p l i t u d e  a n d  a s i g n i f i 
c a n t  d e c r e a s e  i n  t h e  r a t e ) ,  i n  b o t h  t h e  c o n t r o l  and  e x p e r i m e n t a l  
a n i m a l s .  A f t e r  t e r m i n a t i o n  o f  t h e  r o t a t i o n ,  t h e r e  w a s  e i t h e r  s m o o t h  
a n d  r a p i d  r e c o v e r y  of t h e  r e s p i r a t i o n  ( F i g .  6 )  or c o m p e n s a t o r y  
d y s p n e a  ( F i g .  5 ) .  

T h e r e f o r e ,  a c c o r d i n g  t o  t h e  d a t a  o f  t h e  s u r v i v a l  r a t e s  as  
w e l l  a s  t h e  r e s u l t s  o f  t h e  p h y s i o l o g i c a l  r e a c t i o n s ,  w e  c a n  c o n s i 
d e r  t h a t  a d a p t a t i o n  t o  o x y g e n  d e f i c i e n c y  h a s  a f a v o r a b l e  e f f e c t  on 
t h e  t o l e r a n c e  t o  a c c e l e r a t i o n s .  
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F i g .  5 .  E l e c t r o c a r d i o g r a p h s  and R e s p i r a t i o n  i n  C o n t r o l  ( A )  and Adapted ( B )  
Guinea  P i g s  During t h e  E f f e c t  o f  A c c e l e r a t i o n s .  Symbols Same as i n  
F i g u r e  4, 

(p0 




I n  t h e  e x p e r i m e n t s  on r a b b i t s ,  w e  d i d  n o t  f i n d  a n y  c l e a r  
d i f f e r e n c e  i n  t h e  r e a c t i o n s  o f  t h e  c a r d i o v a s c u l a r  a n d  r e s p i r a t i o n a l  
s y s t e m s  b e t w e e n  t h e  a d a p t e d  a n d  c o n t r o l  a n i m a l s .  

T A B L E  1 0 .  O X Y G E N  R E Q U I R E M E N T  FOR THE G U I N E A  P I G S  B E F O R E  A N D  A F T E R  
A D A P T A T I O N  TO H Y P O X I A  

Pair Time of StudyNo. 

1 3efore Adapta 

2 ion,  First Day

-3 


1 ifter Adapta 

2 i o q F i r s t  Day 

3 


1 Sixth Day

2 

3 
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Weight 

'air, g
-~ 
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. 

619 177 
624 163 19.8f2.7 
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688 140 
710 
684 
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193 

16*5*1,49 

695 165 
725 168 15,9&O132 
710 173. 

2 *" 
of =1 E 

/ 2  39 

A c c e l e r a - t - i o n s ,  u ~ i t sTime Af te r  Effect ,min 

F i g .  6 .  R a t e  o f  t h e  P u l s e  a n d  R e s p i r a t i o n  i n  G u i n e a  P i g s  
D u r i n g  t h e  E f f e c t  of A c c e l e r a t i o n s  (1) E x p e r i m e n t ;  ( 2 )  C o n t r o l .  

The r e s u l t s  o f  t h e  s t u d i e s  c o n d u c t e d  show c o n v i n c i n g l y  t h a t ,  
by means o f  a d a p t a t i o n  t o  h y p o x i a ,  t h e  a n i m a l s '  r e s i s t a n c e  t o  t h e  
e f f e c t  o f  l a r g e  m a g n i t u d e s  o f  t P a n s  v e r s e  l y  - d i r e  c t  e d a c c e l e r a t i o n s  

2 4 5  



i n c r e a s e s  s i g n i f i c a n t l y .  I n  our e x p e r i m e n t s ,  t h i s  w a s  e x p r e s s e d  
b o t h  b y  a n  i n c r e a s e  i n  t h e  s u r v i v a l  rat ,e f o r  t h e  e x p e r i m e n t a l  a n i 
m a l s  a n d  b y  a l e s s e r  d e g r e e  o f  d i s o r d e r s  i n  t h e  c a r d i a c  a c t i v i t y .  
The p o s i t i v e  e f f e c t  o f  t h e  m e t h o d s  u s e d  f o r  t r a i n i n g  w a s  p r e s e r v e d  
f o r  2 - 3  w e e k s .  However ,  i n  t h i s  case t h e r e  w a s  a d e f i n i t e  r e l a 
t i o n s h i p  b e t w e e n  t h e  d u r a t i o n  o f  t h e  a d a p t a t i o n  a n d  t h e  g e n e r a l  
s t r u c t u r e  o f  t h e  s c h e m e .  I f ,  a f t e r  a 1 4 - d a y  i n t e r r u p t e d  a d a p t a t i o n ,  
t h e  s u r v i v a l  r a t e  on th .e  t h i r d  d a y  e x c e e d e d  t h a t  i n  t h e  c o n t r o l  
by  a f a c t o r  o f  t h r e e  d u r i n g  t h e  & f e e t  o f  a n  a c c e l e r a t i o n ,  t h e n ,  
f o r  a 3 .5 -day  c o n t i n u o u s  a d a p t a t i o n ,  t h e r e  were  n o  d i f f e r e n c e s  
e v e n  on t h e  f o u r t h  d a y  a f t e r w a r d .  T h i s  w a s  s u b s t a n t i a t e d  by  t h e  
l e s s  c l e a r  a n d  much more  r a p i d  t r a n s i t i o n a l  c h a n g e s  on t h e  p a r t  
o f  t h e  r e d  b l o o d  p i c t u r e .  

We d i d  n o t  s u c c e e d  i n  e s t a b l i s h i n g  a r e l a t i o n s h i p  b e t w e e n  t h e  
e f f e c t i v e n e s s  o f  t h e  t r a i n i n g  a n d  t h e  s e a s o n a l  f a c t o r s  i n  our e x 
p e r i m e n t s .  We d i d  n o t  n o t e  a n y  e s s e n t i a l  d i f f e r e n c e  i n  t h e  r e s i s 
t a n c e  t o  a c c e l e r a t i o n s ,  w h i c h  c o u l d  b e  r e l a t e d  t o  s e a s o n a l  
f e a t u r e s ,  i n  t h e  c o n t r o l  m i c e ;  i n  t h e  a u t u m n ,  t h e  s u r v i v a l  r a t e  v a r 
i e d  f r o m  25 t o  5 0 % .  

N a t u r a l l y ,  a c l a r i f i c a t i o n  o f  t h e  t y p e - f e a t u r e s  o f  t h e  a n i m a l s  / 2 3 2  
i n  t h e i r  a d a p t a t i o n  t o  h y p o x i a ,  a n d  t h e  p o s s i b i l i t i e s  o f  d e v e l o p i n g  
i n  them a " c o n d i t i o n  o f  n o n - s p e c i f i c a l l y  i n c r e a s e i n g  r e s i s t a n c e "  
t o  a c c e l e r a t i o n s  [lo] b y  t h i s  m e t h o d ,  a r e  of  g r e a t  i n t e r e s t .  A num
b e r  o f  a r t i c l e s  , w h i c h  wer.e p u b l i s h e d  i n  c o r r e s p o n d i n g  c o l l e c t i o n s  
a n d  m o n o g r a p h s ,  s t u d i e d  t h e  f i r s t  p r o b l e m .  A s  f o r  t h e  s e c o n d ,  i t  
s t i l l  h a s  n o t  b e e n  s t u d i e d .  A l t h o u g h  our e x p e r i m e n t s ,  b e c a u s e  o f  
t h e  s m a l l n e s s  o f  t h e i r  n u m b e r ,  do  n o t  g i v e  u s  t h e  r i g h t  t o  a n s w e r  
t h e  l a t t e r  q u e s t i o n ,  w e  d i d  o b t a i n  c e r t a i n  d a t a ,  n e v e r t h e l e s s ,  w h i c h  
a r e  o f  d e f i n i t e  i n t e r e s t .  

I n  t h e  f o u r t h  s e r i e s  o f  e x p e r i m e n t s ,  w e  a d a p t e d  w h i t e  m i c e ,  
w h i t e  r a t s ,  g u i n e a  p i g s ,  a n d  r a b b i t s  s i m u l t a n e o u s l y .  

On t h e  b a s i s  o f  t h e  c a l c u l a t i o n s  f o r  t h e  s u r v i v a l  r a t e s  a n d  
t h e  c h a n g e s  i n  t h e  e r y t h r o c y t e s  a n d  h e m o g l o b i n ,  w e  c a n  s e e  t h a t  
t h e  m o s t  s i g n i f i c a n t  r e s u l t s  were  o b t a i n e d  i n  t h e  e x p e r i m e n t s  on  
t h e  w h i t e  m i c e ,  a n d  t h e  l e a s t  s i g n i f i c a n t  i n  t h e  e x p e r i m e n t s  on  
t h e  r a b b i t s .  A s  f o r  t h e  w h i t e  r a t s  a n d  t h e  g u i n e a  p i g s ,  t h e y  o c 
cupy  a n  i n t e r m e d i a r y  p o s i t i o n ;  i t  w o u l d  b e  d i f f i c u l t  t o  d e t e r m i n e  
p r e c i s e l y  w h a t  p l a c e  t h e y  o c c u p y .  The low r e s i s t a n c e  o f  t h e  a d a p t e d  
r a b b i t s  t o  t h e  e f f e c t  o f  t h e  a c c e l e r a t i o n s  i s  n o t  c o m p l e t e l y  
u n d e r s t a n d a b l e .  The d e g r e e  o f  t h e  r e a c t i o n  on t h e  p a r t  o f  t h e  r e d  
b l o o d  t o  h y p o x i a  w a s  r o u g h l y  t h e  same as f o r  t h e  o t h e r  t y p e s  o f  
a n i m a l s .  T h e r e f o r e  , any  o t h e r  mechan i sms  f o r  a d a p t i o n  were  i n 
s u f f i c i e n t l y  e f f e c t i v e .  I t  i s  p o s s i b l e  t h a t  t h e  weak t o n i z a t i o n  o f  
t h e  p a r a s y m p a t h e t i c  n e r v o u s  s y s t e m  i n  t h i s  t y p e  o f  a n i m a l ,  t o  
w h i c h  a number  o f  a u t h o r s  g i v e  g r e a t  s i g n i f i c a n c e  i n  r e l a t i o n  t o  
t h e i r  r e s i s t a n c e  t o  u n f a v o r a b l e  e f f e c t s  o f  t h e  s u r r o u n d i n g  medium, 
i s  r e s p o n s i b l e  i n  t h i s  ca se .  
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The c h a r a c t e r  o f  t h e  r e a c t i o n  on t h e  p a r t  o f  t h e  r e d  b l o o d ,  
a n d  t h e  r e s u l t s  o f  t h e  s t u d y  o f  t h e  o x y g e n  r e q u i r e m e n t  i n  t h e  
a d a p t e d  a n i m a l s ,  c o n f o r m  w i t h  d a t a  i n  t h e  l i t e r a t u r e  [1 ,6 ,8,12,16: ,  
1 7 1 .  

I t  i s  w e l l  known t h a t  t h e  m o s t  g e n e r a l  r e a c t i o n  on t h e  p a r t  
o f  t h e  h e a r t  t o  t h e  e f f e c t  o f  a c c e l e r a t i o n s  w h i c h  a r e  m o d e r a t e  
i n  v a l u e  i s  t a c h y c a r d i a ,  w h i c h  i n  i n d i v i d u a l  cases  e x c e e d s  t h e  o r i g 
i n a l  l e v e l  by 2 - 3  t i m e s .  I n  o u r  e x p e r i m e n t s ,  w e  o b s e r v e d  a s l i g h t  
i n c r e a s e  i n  t h e  r a t e  o f  t h e  h e a r t  c o n t r a c t i o n s  o n l y  i n  i n d i 
v i d u a l  e x p e r i m e n t s .  T h i s  , p r o b a b l y : , c a n  b e  e x p l a i n e d  by t h e  f a c t  
t h a t  p l a c i n g  t h e  a n i m a l s  i n  a p o s i t i o n  w h i c h  i s  n o t  n a t u r a l  t , o  
them c a u s e d  c o n s i d e r a b l e  e x c i t a t i o n  a n d  t h e  maximum p o s s i b l e  i n 
c r e a s e  i n  t h e  r a t e  o f  t h e  h e a r t  c o n t r a c t i o n .  

I f  w e  a g r e e  w i t h  t h e  c o n c e p t  t h a t  t h e  p r i n c i p a l  p a t h o g e n i c  
r e s u l t  o f  t h e  e f f e c t  o f  a c c e l e r a t i o n s  i s  t h e  c i r c u l a t o r y  a n d  
h y p o x i c  t y p e  o f  h y p o x i a ,  t h e n  t h e  mechanism f o r  t h e  f a v o r a b l e  
e f f e c t  o f  a d a p t a t i o n  on t h e  r e s i s t a n c e  t o  a c c e l e r a t i o n s  becomes  
c o m p l e t e l y  u n d e r s t a n d a b l e .  However ,  n o t  a l l  t h e  m e c h a n i s m s  i n v o l v e d  
i n  p r o v i d i n g  a n  o r g a n i s m  w i t h  o x y g e n  d u r i n g  a d a p t a t i o n  t o  h y p o x i a  
a l s o  a c t  d u r i n g  a c c e l e r a t i o n s .  We a r e  a s s u m i n g  t h a t  d u r i n g  t h e  
e f f e c t  o f  t h e  a c c e l e r a t i o n s ,  t h e  r e s p i r a t e  may b e  r a p i d l y  
d i s t u r b e d  i n  a n  i d e n t i c a l  way f o r  t h e  e x p e r i m e n t a l  a n d  t h e  c o n t r o l  / 2 3 3  
a n i m a l s  b e c a u s e  o f  p u r e l y  m e c h a n i c a l  c o m p r e s s i o n  o f  t h e  c h e s t .  
O b v i o u s l y ,  t h e  c a r d i o v a s c u l a r  s y s t e m  h a s  a somewhat  g r e a t e r  s i g n i f 
i c a n c e .  I t  seems t o  u s  , h o w e v e r ,  t h a t  d e v e l o p i n g  p o l y c y t h e m i a ,  
r e a r r a n g e m e n t  o f  t h e  m e t a b o l i c  p r o c e s s e s : ,  a n d  p h y s i c a l  a n d  c h e m i c a l  
f a c t o r s  on t h e  t i s s u e  a n d  c e l l u l a r  l e v e l s  a r e  o f  p a r t i c u l a r  s i g 
n i f i c a n c e .  

I n  c o n c l u s i o n ,  w e  s h o u l d  n o t e  t h a t  t h e  s t u d i e s  c o n d u c t e d  
r e c e n t l y  by P . V .  V a s i l ' y e v  a n d  A . R .  K o t o v s k a y a  on humans h a v e  con
f i r m e d  t h e  e x p e r i m e n t a l  o b s e r v a t i o n s  p r e s e n t e d  i n  t h i s  a r t i c l e .  
The r e s i s t a n c e  o f  t h e  human s u b j e c t s  to a c c e l e r a t i o n  a f t e r  a d a p t a t i o n  
t o  h y p o x i a  i n c r e a s e d  by 1 . 5  t o  2 . 3  u n i t s ,  i . e . ,  r o u g h l y  by t h e  same 
amount  a s  t h e  u s e  o f  a n  a n t i - G  s u i t  p r o v i d e s .  

CONCLUSION 

(1) A d a p t a t i o n  t o  h y p o x i a  i s  a n  e f f e c t i v e  m e t h o d  o f  i n c r e a s i n g  
a n i m a l s '  r e s i s t a n c e  t o  t h e  e f f e c t  o f  t r a n s v e r s e l y - d i r e c t e d  a c c e l 
e ra t ions .  The u s e  o f  t h i s  m e t h o d ,  a s  a r u l e ,  i n c r e a s e d  t h e  s u r v i v a l  

r a t e  i n  t h e  e x p e r i m e n t a l  g r o u p s  d u r i n g  t h e  t e s t  on on t h e  1 - 5 t h  
d a y s  b y  2 4 - 4 6 % ,  i n  c o m p a r i s o n  w i t h  c o n t r o l s .  

The i n c r e a s e d  r e s i s t a n c e  t o  t h e  a c c e l e r a t i o n s  w a s  m a i n t a i n e d  
f o r  1 0 - 1 8  d a y s .  

( 2 )  The d e g r e e  of i n c r e a s e  i n  t h e  r e s i s t a n c e  i s  d e t e r m i n e d  by 
t h e  d u r a t i o n  o f  t h e  a d a p t a t i o n  a n d  t h e  g e n e r a l  f o r m a t  o f  t h e  
a d a p t a t  i o n  m e t h o d .  
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( 3 )  D u r i n g  i n t e r m i t t e n t  a d a p t a t i o n  t o  a d e c r e a s e d  b a r o m e t r i c  
p r e s s u r e  f o r  1 4  d a y s ,  t h e  n u m b e r  o f  e r y t h r o c y t e s  i n c r e a s e d  b y  40% 
f o r  t h e  m i c e ,  b y  1 8 %  f o r  t h e  r a t s ,  b y  1 3 %  f o r  t h e  g u i n e a  p i g s ,  a n d  
by 39% f o r  t h e  r a b b i t s ;  t h e  amount  o f  h e m o g l o b i n  i n c r e a s e d  b y  3 9 ,  
1 5 ,  7 ,  a n d  1 6 % ,  r e s p e c t i v e l y .  

( 4 )  The 02  r e q u i r e m e n t  f o r  t h e  a n i m a l s  a t  r e s t  b e f o r e  a n d  
a f t e r  a d a p t a t i o n  t o  h y p o x i a ,  d e t e r m i n e d  a t  n o r m a l  b a r o m e t r i c  p r e s 
s u r e  , d o e s  n o t  c h a n g e  s u b s t a n t i a l l y .  

( 5 )  A d i s o r d e r  i n  t h e  c a r d i a c  a c t i v i t y  a n d  t h e  r e s p i r a t i o n  i s  
d e v e l o p e d  s o o n e r ,  a n d  r e a c h e s  a g r e a t e r  i n t e n s i t y ,  f o r  t h e  c o n t r o l  
a n i m a l s  t h a n  f o r  t h e  a d a p t e d  o n e s .  
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CHANGE IN THE RESISTANCE OF AN ORGANISM TO ACCELFPATIONS AFTER 
THE PROLONGED EFFECT OF SMALL CONCENTRATIONS OF CARBON DIOXIDE 

V.P. Z a g r y a d s k i y  and Z.K. S u l i m o - S a m u y l l o  


ABSTRACT:  P l a c i n g  r a b b i t s  i n  an a tmosphere  w i t h  
3 - 5 %  carbon d i o x i d e  i n v o l v e s  a p e r i o d  of p r o 
longed a f t e r e f f e c t s  which  a r e  c h a r a c t e r i z e d  by 
changes  i n  t h e  r e s p i r a t i o n ,  c a r d i o v a s c u l a r  a c t i v 
i t y ,  and b i o e Z e c t r i c  p o t e n t i a l s  of t h e  b r a i n ,  and 
by a d e c r e a s e  i n  t h e  body t e m p e r a t u r e ,  a s  we22 a s  
l e u k o c y t o s i s .  During t h i s  p e r i o d ,  t h e  a n i m a l s  I 

r e s i s t a n c e  t o  t h e  e f f e c t  of m c e Z e r a t i o n s  i n  
a t r a n s v e r s e  d i r e c t i o n ,  w i t h  v a l u e s  f r o m  4 . 5  t o  
7 u n i t s ,  i s  found t o  be s i g n i f i c a n t l y  Zowered. 
The change i n  t h e  a n i m a l ' s  r e a c t i o n  when i t  i s  
a f f e c t e d  by smaZZ c o n c e n t r a t i o n s  of carbon d i o x 
i d e  i s  accompanied by a sharp  s u p p r e s s i o n  of t h e  
b i o e Z e c t r i c  a c t i v i t y  of t h e  b r a i n ;  changes  i n  
t h e  eZec t rocard iogram i n d i c a t e  a d i s o r d e r  i n  t h e  
e x c i t a t i o n  b e h a v i o r  a s  m a n i f e s t e d  by p a r e s e s  and 
p a r a l y s e s  of t h e  p o s t e r i o r  e x t r e m i t i e s .  The phys 
s ioZogicaZ mechanisms f o r  t h e  d e c r e a s e  i n  t h e  
a n i m a t s '  r e s i s t a x c e  i n  r e l a t i o n  t o  v i o Z e n t  f a c 
t o r s  r e q u i r e  f u r t h e r  s t u d i e s .  

A t  t h e  p r e s e n t  t i m e ,  i n  r e l a t i o n . t o  a r t i c l e s  s t u d y i n g  t h e  p rob- / 2 3 4  
lem o f  h a b i t a t i o n  i n  c r o w d e d  b u i l d i n g s ,  t h e  a t t e n t i o n  o f  r e s e a r c h e r s  
h a s  b e e n  drawn t o  t h e  e f f e c t  p r o d u c e d  i n  a n  o r g a n i s m  by s m a l l  
c o n c e n t r a t i o n s  o f  c a r b o n  d i o x i d e  a c t i n g  for a l o n g  p e r i o d  o f  t i m e .  
A d e t e r m i n a t i o n  of t h o s e  l i m i t s  f o r  c a r b o n  d i o x i d e  c o n c e n t r a t i o n  
w h i c h  d o  n o t  h a v e  a t o x i c  e f f e c t  on t h e  o r g a n i s m ,  a n d  w h i c h  d o  n o t  
c h a n g e  i t s  w o r k i n g  c a p a c i t y ,  i s  f o u n d  t o  b e  v e r y  i m p o r t a n t .  

The d a t a  i n  t h e  l i t e r a t u r e  show t h a t  t h e  e f f e c t  o f  r e m a i n i n g  
f o r  a l o n g  t i m e  i n  a n  a l t e r e d  g a s e o u s  medium w h i c h  c o n t a i n s  i n 
c r e a s e d  c o n c e n t r a t i o n s  o f  c a r b o n  d i o x i d e  c a n  s u b s t a n t i a l l y  c h a n g e  / 2 3 5  
t h e  o r g a n i s m ' s  r e a c t i o n  t o  t h e  e f f e c t  o f  a d i f f e r e n t  t y p e  o f  e x 
t r e m a l  f a c t o r  ( h i g h  t e m p e r a t u r e ,  o x y g e n  d e f i c i e n c y ,  a c c e l e r a t i o n s ,  
e t c . )  [l, 2 ,  4 ,  5 ,  8, 10-17, 191. 

The p u r p o s e  o f  our s t u d y  w a s  t o  t e s t  t h i s  c o n c e p t  on  t h e  b a s i s  
o f  e x p e r i m e n t s  w i t h  a n i m a l s ,  w h i c h  w e r e  k e p t  u n d e r  t h e  c o n d i t i o n s  
o f  a g a s e o u s  medium w i t h  a n  i n c r e a s e d  p e r c e n t a g e  o f  c a r b o n  d i o x i d e ,  
a n d  s u b j e c t e d  t o  s u c h  v i o l e n t  f a c t o r s  a s  a c c e l e r a t i o n .  
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METHODS 

The e x p e r i m e n t s  w e r e  c o n d u c t e d  on  2 1  r a b b i t s .  B e f o r e  p u t t i n g  
them i n  a n  u n c h a n g e d  g a s e o u s  medium, t h e  a n i m a l s  w e r e  s u b j e c t e d  t o  
t h e  e f f e c t  of a n  a c c e l e r a t i o n .  The v a l u e  o f  t h e  a c c e l e r a t i o n  
v a r i e d  f r o m  4 . 5  t o  7 u n i t s ,  t h e  t i m e  f o r  t h e  maximum e f f e c t  w a s  6 0  
s e c ,  a n d  t h e  r a t e  o f  i n c r e a s e  w a s  e q u a l  t o  0 . 6 5 - 0 . 7  u n i t s / s e c ,  w h i l e  
t h e  r a t e  o f  d e c r e a s e  w a s  1 . 3 - 1 . 5  u n i t s / s e c .  The a n i m a l s  w e r e  p u t  
i n  a n  a luminum c o n t a i n e r  d e s i g n e d  a c c o r d i n g  t o  t h e  s h a p e  o f  t h e  
a n i m a l ' s  b o d y ,  l e a v i n g  o n l y  t h e  h e a d  f r e e  t o  move.  The a c c e l e 
r a t i o n  h a d  t h e  d i r e c t i o n  " b a c k - c h e s t " .  The r a t e s  o f  r e s p i r a 
t i o n  a n d  h e a r t  c o n t r a c t i o n s ,  a s  w e l l  a s  e l e c t r o c a r d i o g r a m s  u s i n g  
t h e  s e c o n d  s t a n d a r d  l e a d  w e r e  r e c o r d e d  i n  t h e  r a b b i t s  b e f o r e ,  d u r i n g ,  
a n d  a f t e r  t h e  r o t a t i o n .  B e f o r e  a n d  a f t e r  t h e  e f f e c t  o f  t h e  a c c e l e 
r a t i o n ,  w e  r e c o r d e d  t h e  r a b b i t s '  e l e c t r o e n c e p h a l o g r a m s ,  w i t h  a 
l e a d  on t h e  m o t o r  z o n e  o f  t h e  c o r t e x  a c c o r d i n g  t o  t h e  S a k h i u l i n a  
m e t h o d .  We o b s e r v e d  t h e  c h a r a c t e r  of t h e  r e c o v e r y  o f  t h e  f u n c t i o n s  
b e i n g  s t u d i e d  f o r  1 5  min a f t e r  t h e  a c c e l e r a t i o n .  Then t h e  r a b b i t  
w a s  p u t  i n  a chamber  w i t h  a n  i n c r e a s e d  c o n t e n t  o f  c a r b o n  d i o x i d e  
( f r o m  3 t o  5 % ) .  The t i m e  t h e  a n i m a l s  r e m a i n e d  i n  t h e  c h a m b e r  w a s  
5 ,  1 0 ,  2 4 ,  4 9 ,  9 6 ,  1 2 0 ,  a n d  2 4 0  h o u r s .  B e f o r e  t h e y  w e r e  p u t  i n  t h e  
c h a m b e r ,  a n d  a f t e r  t h e y  w e r e  removed f r o m  i t ,  we m e a s u r e d  t h e i r  
r e c t a l  t e m p e r a t u r e  a n d  t o o k  b l o o d  f r o m  t h e i r  e a r s  i n  o r d e r  t o  d e t e r 
mine  t h e  p e r c e n t a g e  o f  h e m o g l o b i n  a n d  t h e  q u a n t i t y  o f  l e u k o c y t e s .  
F i f t e e n  m i n u t e s  a f t e r  r e m o v i n g  them f r o m  t h e  c h a m b e r ,  w e  a g a i n  
s u b j e c t e d  t h e  r a b b i t s  t o  t h e  e f f e c t  of a n  a c c e l e r a t i o n  w i t h  t h e  
same c h a r a c t e r i s t i c .  For t h e  c o n t r o l ,  we u s e d  a g r o u p  o f  r a b b i t s  
w h i c h  h a d  b e e n  s u b j e c t e d  o n l y  t o  t h e  e f f e c t  o f  a n  i n c r e a s e d  p e r 
c e n t a g e  o f  c a r b o n  d i o x i d e .  

RESULTS 

The a c c e l e r a t i o n  c a u s e d  a d e c r e a s e  . i n  t h e  r a t e  o f  t h e  
r e s p i r a t i o n  a n d  t h e  h e a r t  c o n t r a c t i o n s  i n  t h e  r a b b i t s .  The 
r a t e  o f  r e s p i r a t i o n  d u r i n g  t h e  maximum e f f e c t  w a s  a b o u t  6 0 - 8 0 %  o f  
t h e  o r i g i n a l  i n  m o s t  c a s e s ;  t h e  p u l s e  r a t e  w a s  a l s o  a b o u t  60-80% o f  
i t s  o r i g i n a l  v a l u e .  .The p u l s e  r e t u r n e d  t o  i t s  o r i g i n a l  l e v e l  w i t h 
i n  3 - 5  min a f t e r  t h e  a c c e l e r a t i o n .  D u r i n g  t h e  maximum e f f e c t ,  w e  
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F i g .  1. E l e c t r o e n c e p h a l o g r a m  o f  a R a b b i t  a f t e r  E x p o s u r e  t o  a n  A t 
m o s p h e r e  w i t h  a 5 % - C o n t e n t  o f  C02 f o r  5 H o u r s .  (1) B a c k g r o u n d ;  
( 2 )  F i f t e e n  M i n u t e s  a f t e r  t h e  E f f e c t .  
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c o u l d  n o t e  a c o m p r e s s i o n  of  t h e  P a n d  9 w a v e s  o n  t h e  e l e c t r o c a r d i o 
g r a m s ,  a n d  a d e c r e a s e  i n  t h e i r  v o l t a g e ,  a s  w e l l  as  a d e c r e a s e  i n  
t h e  v o l t a g e  of t h e  I? wave .  Toward t h e  e n d  o f  t h e  maximum e f f e c t  / 2 3 6  
of  a n  a c c e l e r a t i o n  ( i n  40  s e e . ) ,  a p r o n o u n c e d  b r a d y c a r d i a  f r e q u e n t l y -
c h a n g e d  i n t o  a s i n o - a u r i c u l a r  b l o c k .  

On t h e  e l e c t r o e n c e p h a l o g r a m ,  w h i c h  w a s  r e c o r d e d  1 5  s e c  a f t e r  
s t o p p i n g  t h e  c e n t r i f u g e ,  w e  o b s e r v e d  a d i s a D p e a r a n c e  of t h e  a - w a v e s ,  
a s  w e l l  a s  i n t e n s i f i c a t i o n  o f  t h e  f r e q u e n c y  a n a  a m p l i t u d e  O f  t h e  
6- o s c i l l a t i o n s .  The r e a c t i v i t y  o f  t h e  c o r t e x  t o  t h e  t r a n s m i s s i o n  
o f  a s o u n d  s t i m u l u s  was l a c k i n g  f o r  3 -5  m i n .  N o r m a l i z a t i o n  o f  t h e  
e l e c t r o e n c e p h a l o g r a m  o c c u r r e d  w i t h i n  2-5 m i n .  

The p e r i o d  f o l l o w i n g  t h e  o n e  i n  w h i c h  t h e  r a b b i t s  were g i v e n  
a d d i t i o n a l  c a r b o n  d i o x i d e  w a s  c h a r a c t e r i z e d  by a s h a r p  s u p p r e s s i o n  
o f  t h e  m o t o r  a c t i v i t y .  The d u r a t i o n  f o r  t h e  a f t e r e f f e c t s  w a s  i n  
d i r e c t  p r o p o r t i o n  t o  t h e  t i m e  t h e  a n i m a l s  r e m a i n e d  i n  t h e  c h a m b e r .  
The i m m o b i l i t y  o f  t h e  r a b b i t s  s eemed  e v e n  more  s t r i k i n g ,  b e c a u s e  
t h e y  h o p p e d ,  washed  t h e m s e l v e s ,  a n d  a t e  g r a s s  w h i l e  i n  t h e  c h a m b e r .  
A f t e r  t h e  e f f e c t ,  w e  a l s o  n o t e d  a d e c r e a s e  i n  t h e  body  t e m p e r a t u r e  
( b y  0 . 4 - 1 . 5 O )  a n d  a n  i n c r e a s e  i n  t h e  q u a n t i t y  o f  l e u k o c y t e s  ( b y  
2 0 0 0  a n d  3 0 0 0 ) .  The r e a c t i o n  t o  s o u n d  w a s  e i t h e r  d e c r e a s e d  or 
s h a r p l y  i n h i b i t e d .  The e l e c t r o c a r d i o g r a m  w a s  c h a r a c t e r i z e d  by  a 
p r e d o m i n a n c e  o f  s l o w  h i g h - v o l t a g e  p o t e n t i a l s  ( F i g .  1) .  

D u r i n g  t h e  e f f e c t  of  a n  a c c e l e r a t i o n  a f t e r  t h e  a n i m a l  w a s  
l e f t  i n  t h e  chamber  w i t h  t h e  i n c r e a s e d  p e r c e n t a g e  o f  C 0 2 ,  t h e  c h a n g e s  
i n  t h e  f u n c t i o n s  o f  t h e  r e s p i r a t i o n a l  a n d  c a r d i o v a s c u l a r  s y s t e m s ,  
a l t h o u g h  t h e y  h a d  t h e  same d i r e c t i o n  a s  i n  t h e  o r i g i n a l  c o n d i t i o n ,  
were  n e v e r t h e l e s s  much more  s h a r p l y  p r o n o u n c e d  ( T a b l e  1). W e  c a n  
s e e  f r o m  t h e  t a b l e  t h a t  d u r i n g  t h e  e f f e c t  o f  a n  a c c e l e r a t i o n  a f t e r  
t h e  a n i m a l s  w e r e  l e f t  u n d e r  t h e  c o n d i t i o n s  o f  a n  a l t e r e d  g a s e o u s  
medium, t h e r e  w a s  a s h a r p e r  r e t a r d a t i o n  o f  t h e  r a t e  o f  r e s p i r a 
t i o n  a n d  h e a r t  c o n t r a c t i o n s  t h a n  d u r i n g  t h e  e f f e c t  o f  t h e  same 
a c c e l e r a t i o n  when t h e  a n i m a l s  w e r e  u n d e r  t h e  c o n d i t i o n s  o f  a 
u s u a l  a t m o s p h e r e .  S t a t i s t i c a l l y ,  t h e s e  d a t a  h a d  a h i g h  d e g r e e  o f  
r e l i a b i l i t y .  

The r a t e  o f  t h e  r e s p i r a t i o n  f o r  t h e  r a b b i t s  was v e r y  
v a r i a b l e  i n  i t s  o r i g i n a l  c o n d i t i o n .  However ,  d u r i n g  t h e  e f f e c t  o f  
a n  a c c e l e r a t i o n  u n d e r  r e g u l a r  c o n d i t i o n s ,  and  p a r t i c u l a r l y  a f t e r  
r e m a i n i n g  i n  a n  a t m o s p h e r e  w i t h  a n  i n c r e a s e d  c o n t e n t  o f  c a r b o n  
d i o x i d e ,  t h e  i n d i v i d u a l  v a r i a b i l i t y  d e c r e a s e d  by  2 . 5  t i m e s  d u r i n g  / 2 3 7  
t h e  g e n e r a l  r e t a r d a t i o n  o f  t h e  r a t e  o f  r e s p i r a t i o n .  On t h e  
o t h e r  h a n d ,  t h e  i n d i v i d u a l  v a r i a b i l i t y  o f  t h e  r a t e  o f  h e a r t  
c o n t r a c t i o n s  i n c r e a s e d  somewha t ,  b u t  s e r i o u s  c h a n g e s  i n  t h e  m u s c l e s  
o f  t h e  h e a r t  w e r e  d e t e c t e d  on t h e  e l e c t r o c a r d i o g r a m s .  

The c h a n g e s  i n  t h e  r a t e  of  t h e  r e s p i r a t i o n  a n d  t h e  p u l s e  
d u r i n g  t h e  e f f e c t  o f  a n  a c c e l e r a t i o n  o n  t h e  a n i m a l s  w h i c h  had  
b e e n  r emoved  f r o m  t h e  chamber  w i t h  t h e  i n c r e a s e d  p e r c e n t a g e  of  C O 2  
were s h a r p e r  a n d  more  p r o l o n g e d  t h a n  i n  t h e  o r i g i n a l  c o n d i t i o n .  
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r a t i o n ,  A f t e r  t h e  i 8 2 ~ 9 , s6 , 4  - 3 , a  1 4 0 f s a  12,6 - 6,8E f f e c t  o f  t h e  C02 ' 

T h i s  w a s  p a r t i c u l a r l y  c l e a r l y  a p p a r e n t  i n  t h e  e x p e r i m e n t s  
when t h e  a n i m a l s  w e r e  k e p t  i n  t h e  chamber  f o r  a r e l a t i v e l y  s h o r t  
p e r i o d  o f  t i m e  ( u p  t o  9 6  h o u r s ) .  

T h u s ,  f o r  e x a m p l e ,  i n  E x p e r i m e n t  N o .  9 t h e  r a t e  o f  t h e  
r e s p i r a t i o n  d u r i n g  t h e  maximum e f f e c t  of a n  a c c e l e r a t i o n ,  b e f o r e  
t h e  c h a m b e r  e x p e r i m e n t ,  w a s  7 0 %  o f  t h e  o r i g i n a l ,  a n d  o n l y  38% a f t e r  
t h e  c h a m b e r  e x p e r i m e n t ;  t h e  p u l s e  r a t e  c h a n g e d  f r o m  86 ( b e f o r e  t h e  
c h a m b e r )  t o  25% ( a f t e r  t h e  c h a m b e r ) ,  r e s p e c t i v e l y .  

On t h e  e l e c t r o c a r d i o g r a m s ,  e v e n  w i t h i n  25-30 s e c  o f  t h e  m a x i 
mum a c c e ' e r a t i o n ,  t h e r e  w e r e  s i g n s  o f  a s i n o - a u r i c u l a r  b l o c k  w h i c h  
l a s t e d  l o n g e r  t h a n  d u r i n g  t h e  r o t a t i o n  i n  t h e  o r i g i n a l  c o n d i t i o n .  

A f t e r  t h e  a c c e l e r a t i o n ,  t h e r e  w a s  m i l d  e x o p h t h a l m u s  i n  t h e  
r a b b i t s .  

On t h e  e l e c t r o e n c e p h a l o g r a m s ,  t h e r e  w a s  a s h a r p  s u p p r e s s i o n  o f  
t h e  b i o e l e c t r i c  a c t i v i t y  o f  t h e  b r a i n .  T h i s  w a s  e x p r e s s e d  i n  a n  
a l m o s t  c o m p l e t e  f l a t t e n i n g  o f  t h e  e n c e p h l o g r a p h i c  c u r v e .  Only  
r a r e l y  c o u l d  we n o t e  t h e  a p p e a r a n c e  o f  s l o w  o s c i l l a t i o n s .  The f l a t  
c h a r a c t e r  o f  t h e  e l e c t r o e n c e p h a l o g r a m  w a s  f r e q u e n t l y  p r e s e r v e d  f o r  
30-45  m i n .  A l l  t h i s  t i m e ,  t h e  a n i m a l s  s a t  c o m p l e t e l y  i m m o b i l e ,  a n d  
d i d  n o t  r e a c t  t o  s o u n d  s t i m u l i .  The E E G  t h e n  g r a d u a l l y  r e t u r n e d  t o  
n o r m a l  ( F i g .  2 ) .  

The e f f e c t  o f  t h e  a c c e l e r a t i o n  a l s o  c a u s e d  more  r e m o t e  a f t e r 
e f f e c t s .  I n  o n e  o f  t h e  e x p e r i m e n t s ,  a r a b b i t  w h i c h  w a s  k e p t  i n  a n  
a t m o s p h e r e  w i t h  4 . 5 - 5 %  C02 f o r  5 h o u r s  a n d  t h e n  s u b j e c t e d  t o  t h e  
e f f e c t  of a n  a c c e l e r a t i o n  o f  5 . 8  u n i t s  w a s  f o u n d  d e a d  a f t e r  1 0  
h o u r s .  D u r i n g  t h e  a u t o p s y ,  w e  f o u n d  t h a t  i t s  h e a r t  w a s  c o n s i d e r a b l y  
e n l a r g e d  a n d  c o m p l e t e l y  f i l l e d  w i t h  b l o o d .  B e n e a t h  t h e  p e r i c a r d i u m  / 2 3 8  
a l o n g  t h e  l e n g t h - w i s e  a x i s ,  t h e r e  w a s  a r u p t u r e  o f  t h e  h e a r t  m u s c l e .  

I n  a n o t h e r  e x p e r i m e n t ,  f o r  a r a b b i t  w h i c h  w a s  l e f t  i n  a chamber 
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w i t h  a 3 % - c o n t e n t  o f  C 0 2  f o r  48  h o u r s  a n d  t h e n  s u b j e c t e d  t o  t h e  
e f f e c t  of  a n  a c c e l e r a t i o n ,  a p a r e s i s  of  t h e  p o s t e r i o r  e x t r e m i t i e s  
d e v e l o p e d  d u r i n g  t h e  f o l l o w i n g  d a y s .  The b o u n d a r y  f o r  t h e  loss i n  
p a i n  s e n s i t i v i t y  w a s  o b s e r v e d  i n  t h e  r e g i o n  o f  t h e  p e l v i c  g i r d l e .  
D u r i n g  t h e  f o l l o w i n g  d a y s ,  t h e r e  w a s  o b s e r v e d  a b r i e f  a p p e a r a n c e  
of  p a i n  s e n s i t i v i t y ,  b e g i n n i n g  on  t h e  l e f t  h i p ,  a n d  t h e n  on  t h e  
r i g h t .  The p a i n  s e n s i t i v i t y  i n  t h e  r e g i o n  o f  t h e  p e l v i c  g i r d l e  w a s  
f o u n d  t o  b e  more  i n t e n s i f i e d .  The r a b b i t  d i e d  on  t h e  e l e v e n t h  d a y .  

3 

F i g .  2 .  E l e c t r o e n c e p h a l o g r a m  o f  a R a b b i t  a f t e r  t h e  E f f e c t  o f  
A c c e l e r a t i o n  a n d  o f  R e m a i n i n g  i n  a Chamber w i t h  a 3 % - C o n t e n t  o f  C02 
for 2 4  Hours. (1) B a c k g r o u n d ;  ( 2 )  F i f t e e n  S e c o n d s  A f t e r  a n  A c c e l e 
r a t i o n  of  6 u n i t s ;  ( 3 )  F i f t e e n  M i n u t e s  A f t e r  t h e  E f f e c t  o f  C O P ;  
( 4 )  F i f t e e n  S e c o n d s  A f t e r  t h e  E f f e c t  o f  a n  A c c e l e r a t i o n  o f  6 u n i t s ;  
( 5 )  F i v e  M i n u t e s  A f t e r  t h e  E f f e c t  o f  A c c e l e r a t i o n ;  ( 6 )  Ten M i n u t e s  

A f t e r  A c c e l e r a t i o n .  

A h i s t o l o g i c a l  a n a l y s i s  showed t h e  p r e s e n c e  o f  c h a n g e s  i n  t h e  
l u m b o s a c r a l  s e c t i o n  o f  t h e  s p i n a l  c o r d . '  I n  t h e  d o r s a l  h a l f  o f  t h e  
f i f t h  l u m b a r  s e g m e n t ,  t h e r e  w a s  a f o c u s  o f  m a l a c i a  e n c o m p a s s i n g  t h e  
w h i t e  a n d  g r a y  m a t t e r .  The a n t e r i o r  s p i n a l  c r e s c e n t s  c o n t a i n e d  
v e r y  f e w  n e r v e  c e l l s .  A l a r g e  number o f  m o t o r  n e u r o n s  were i r r e 
v o c a b l y  c h a n g e d  ( a l l  t h e  way t o  " c e l l - s h a d o w s l ' ) .  I n  t h e  s p a c e  b e 
t w e e n  t h e  s i x t h  a n d  s e v e n t h  l u m b a r  s e g m e n t s ,  w e  f o u n d  o n l y  s i n g l e  / 2 3 9  
n o n - r e c o v e r a b l e  f o r m s  i n  t h e  a n t e r i o r  s p i n a l  c r e s c e n t s .  I n  t h e  
more  c a u d a l  l e a d s ,  t h e  p i c t u r e  became c o m p l e t e l y  n o r m a l .  The s p i n a l  
g a n g l i a  w e r e  w i t h i n  t h e  l i m i t s  o f  t h e  no rm.  

l A l l  t h e  h i s t o l o g i c a l  d a t a  w e r e  o b t a i n e d  a n d  k i n d l y  p l a c e d  a t  t h e  
d i s p o s a l  o f  t h e  a u t h o r s  by  P r o f e s s o r  V . P .  K u r k o v s k i y ,  D i r e c t o r  o f  
t h e  N e u r o h i s t o l o g i c a l  L a b o r a t o r y  a t  t h e  N e u r o s u r g i c a l  I n s t i t u t e  
i m e n i  P o l e n o v .  
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We s h o u l d  e m p h a s i z e  t h e  f a c t  t h a t  t h e r e  were  n o  i n j u r i e s  ob
s e r v e d  i n  t h e  s k e l e t a l  s t r u c t u r e  o f  t h i s  a n i m a l .  The n a t u r e  o f  t h e  
h i s t o l o g i c a l  c h a n g e s  i n d i c a t e d  t h a t  t h e  c a u s e  w a s  a b r e a k d o w n  i n  
t h e  s u p p l y  t o  t h e  n e r v e  c e l l s  a s  a r e s u l t  o f  t h e  e f f e c t  o f  a n  
a c c e l e r a t i o n  on  t h e  a n i m a l .  I t  i s  s t i l l  d i f f i c u l t  now t o  s p e a k  
a b o u t  t h e  m e c h a n i s m s  o f  t h i s  phenomenon.  However ,  w e  s h o u l d  s a y  
t h a t  t h e  p i c t u r e  o f  t h e  c h a n g e s  d i f f e r e d  f r o m  t h a t  w h i c h  w e  h a d  
d u r i n g  t h e  e f f e c t  o f  a c c e l e r a t i o n s  i n  t h e  l o n g i t u d i n a l  d i r e c t i o n  
o n  a n  a n i m a l  C71.  However ,  b o t h  f o r  t h o s e  a n d  f o r  t h e  o t h e r  a c c e l 
e r a t i o n s ,  t h e  l o c a t i o n  f o r  t h e  c h a n g e s  i n  t h e  n e r v e  c e l l s  w a s  t h e  
l u m b o s a c r a l  s e c t i o n .  

I n  o n e  o f  t h e  r a b b i t s ,  a f t e r  i t  h a d  b e e n  i n  a medium w i t h  a 
5 % - c o n t e n t  o f  C 0 2  f o r  5 h o u r s ,  t h e r e  w e r e  c h a n g e s  i n  t h e  e l e c t r o 
c a r d i o g r a m  d u r i n g  a c c e l e r a t i o n s  w h i c h  showed s e r i o u s  d i s o r d e r s  
on  t h e  p a r t  o f  t h e  m y o c a r d i u m :  a n  i n c r e a s e  i n  t h e  Q wave a n d  t h e  
a p p e a r a n c e  o f  a n e g a t i v e  T w a v e .  T h e s e  c h a n g e s  w e r e  m a i n t a i n e d  f o r  
3 d a y s .  They c o u l d  b e  e i t h e r  t h e  r e s u l t  o f  t h e  a p p e a r a n c e  o f  a 
m y o c a r d i a l  i n f a r c t i o n  or t h e  r e s u l t  o f  a s h a r p  t u r n i n g  o f  t h e  h e a r t .  

I n  s t i l l  a n o t h e r  r a b b i t ,  t h e r e  w a s  a n  i n c o m p l e t e ,  b r i e f  p a r e s i s  
of t h e  p o s t e r i o r  e x t r e m i t i e s  a f t e r  i t  w a s  k e p t  i n  a n  a t m o s p h e r e  
w i t h  a 3 % - c o n t e n t  of  C02 f o r  4 8  h o u r s ,  a n d  a f t e r  a n  a c c e l e r a t i o n .  

I t  i s  i m p o r t a n t  t o  n o t e  t h a t  a l l  t h e s e  d i s a d v a n t a g e o u s  o c c u r 
r e n c e s  i n  t h e  e x p e r i m e n t a l  a n i m a l s  a f t e r  t h e  a c c e l e r a t i o n s  w e r e  
n o t e d  a f t e r  t h e y  w e r e  k e p t  u n d e r  t h e  c o n d i t i o n s  o f  a n  a l t e r e d  
g a s e o u s  medium f o r  a r e l a t i v e l y  s h o r t  p e r i o d  o f  t i m e :  f r o m  5 t o  
4 8 - 9 6  h o u r s .  When t h e y  w e r e  k e p t  i n  t h e  a l t e r e d  g a s e o u s  medium f o r  
a l o n g e r  p e r i o d  o f  t i m e ,  t h e  s u b s e q u e n t  a c c e l e r a t i o n  a f f e c t e d  t h e  
c h a n g e  i n  t h e  f u n c t i o n s  o f  t h e  r e s p i r a t i o n  a n d  t h e  b l o o d  c i r c u l a t i o n  
l e s s  s h a r p l y .  

DISCUSSION OF T H E  D A T A  O B T A I N E D  

A c o m p a r i s o n  o f  t h e  d a t a  c o n c e r n i n g  t h e  c o n d i t i o n  o f  t h e  f u n c 
t i o n s  b e i n g  s t u d i e d  d u r i n g  t h e  e f f e c t  o f  a n  a c c e l e r a t i o n ,  b e f o r e  
a n d  a f t e r  b e i n g  p u t  i n  a n  a l t e r e d  g a s e o u s  medium, shows t h a t  t h e y  
c h a n g e  more s h a r p l y  i n  t h e  l a t t e r  c a s e .  The s u p p r e s s i o n  o f  t h e  
b i o e l e c t r i c  a c t i v i t y  i n  t h e  b r a i n ,  t h e  more p r o n o u n c e d  c h a n g e s  i n  
t h e  r a t e  of  r e s p i r a t i o n  a n d  o f  t h e  h e a r t  c o n t r a c t i o n s  ( d u r i n g  
a n  i n c r e a s e  i n  v e l o c i t y ,  a t  t h e  maximum a c c e l e r a t i o n ,  a n d  a f t e r  
s t o p p i n g  t h e  c e n t r i f u g e ) ,  t h e  c h a n g e s  i n  t h e  e l e c t r o c a r d i o g r a m s ,  
a n d ,  f i n a l l y ,  t h e  r u p t u r e  o f  t h e  c a r d i a c  m u s c l e s  - a l l  o f  t h i s  
t o g e t h e r  i n d i c a t e s  t h a t  s m a l l  c o n c e n t r a t i o n s  o f  c a r b o n  d i o x i d e  c a n  
c a u s e  s u b s t a n t i a l  c h a n g e s  i n  t h e  a n i m a l ' s  r e a c t i v i t y  i n  r e l a t i o n  t o  
c o n s i d e r a b l e  s t r e s s e s .  

I t  i s  s t i l l  t o o  s o o n  t o  s p e a k  a b o u t  t h e  e s s e n c e  o f  t h e  p h y s i o 
l o g i c a l  m e c h a n i s m s  c a u s i n g  t h e  c h a n g e  i n  t h e  a n i m a l ' s  r e a c t i v i t y  
when a f f e c t e d  by s m a l l  c o n c e n t r a t i o n s  o f  c a r b o n  d i o x i d e .  O b v i o u s l y ,  
t h e  s u p p r e s s i o n  o f  t h e  f u n c t i o n a l  c o n d i t i o n  o f . t h e  h i g h e r  p a r t s  o f  / 2 4 0  
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t h e  c e n t r a l  n e r v o u s  s y s t e m ,  as  w e l l  a s  t h e  d e c r e a s e  i n  t h e  c i r c u l a 
t o r y  r e s e r v e s  a s  a r e s u l t  o f  t h e  c h a n g e s  i n  t h e  c a r d i o v a s c u l a r  s y s 
t e m  a n d  t h e  s u p p r e s s i o n  o f  t h e  hormone  a c t i v i t y  a n d  t h e  a c t i v i t y  
o f  t h e  o x i d i z i n g  enzyme s y s t e m s ,  p l a y  a n  i m p o r t a n t  p a r t  h e r e  C 9 ,  181. 
Bu t  t h e  v e r y  f a c t  o f  t h e  p r e s e n c e  o f  t h i s  c h a n g e d  r e a c t i v i t y ,  ac
c o m p a n i e d  by s u c h  s e r i o u s  phenomena  a s  p a r a l y s e s  o r  r u p t u r e s  o f  t h e  
c a r d i a c  m u s c l e s ,  shows  t h e  n e c e s s i t y  f o r  a d e t a i l e d  s t u d y  o f  t h e  
i m m e d i a t e  a n d  l a t e r  a f t e r e f f e c t s  f o r  e v e r y  e x c e s s  i n  t h e  c o m p o s i t i o n  
o f  a g a s e o u s  medium, e v e n  i n  t h o s e  c a s e s  when t h i s  e x c e s s  i s  r e a l 
i z e d  d u r i n g  n o r m a l i z a t i o n .  

The e x p e r i m e n t s  show t h a t  e a c h  e x c e s s  i s  t o l e r a t e d  somewhat  
e a s i e r  i f  i t  o c c u r s  a f t e r  a more p r o l o n g e d  p e r i o d  i n  c h a n g e d  g a s e o u s  
m e d i a .  O b v i o u s l y ,  i n  t h o s e  ca ses  when t h e  a n i m a l  h a s  become more  
a d a p t e d  t o  t h e s e  c o n d i t i o n s ,  when t h e r e  i s  some r e l a t i v e  s t a b i l i z a 
t i o n  i n  t h e  f u n c t i o n  o f  a l l  o f  i t s  o r g a n s  a n d  s y s t e m s  ( c a u s e d  by 
t h i s  a d a p t a t i o n ) ,  t h e  t r a n s i t i o n  t o  new c o n d i t i o n s  f o r  a g a s e o u s  
medium o c c u r s  more e a s i l y .  I n  t h o s e  c a s e s  when t h i s  t r a n s i t i o n  
o c c u r s  d u r i n g  t h e  b e g i n n i n g  p e r i o d  o f  a d a p t a t i o n ,  d u r i n g  t h e  p e r i o d  
o f  i n t e n s i f i e d  a c t i v i t y  f o r  a l l  t h e  p h y s i o l o g i c a l  m e c h a n i s m s ,  e a c h  
new s t i m u l u s  s u c h  a s  t h e  a c c e l e r a t i o n  i n  o u r  e x p e r i m e n t s )  c a n  
p r o v e  t o  b e  e x t r e m e .  T h a t  i s  why t h e  c h a n g e s  i n  t h e  a n i m a l s '  r e 
a c t i v i t y  a f t e r  t h e y  w e r e  p l a c e d  i n  t h e  chamber  f o r  48-96 h o u r s  w e r e  
much s h a r p e r  t h a n  a f t e r  t h e y  w e r e  k e p t  u n d e r  t h e  a l t e r e d  c o n d i t i o n s  
o f  a g a s e o u s  medium for 120-240  h o u r s .  

C O N C L U S I O N S  

K e e p i n g  t h e  r a b b i t s  i n  a g a s e o u s  medium w i t h  a n  i n c r e a s e d  
c o n t e n t  o f  c a r b o n  d i o x i d e  f o r  a l o n g  p e r i o d  d e c r e a s e s  t h e i r  r e s i s t 
a n c e  t o  t h e  e f f e c t  o f  a c c e l e r a t i o n s  i n  a t r a n s v e r s e  d i r e c t i o n .  
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CHANGE IN OXYGEN CONTEMT I N  BRAIN TISSUE DURING THE 
EFFECT OF ,~ccELER~~.TIOWSIN ?ARYING nIRFXTIONS 

B.M.  S a v i n  

ABSTRACT:  The oxygen  p r e s s u r e  i n  t h e  t i s s u e s  of 
t h e  cerebrum was s t u d i e d  in c a t s  and r a b b i t s  
d u r i n g  t h e  e f f e c t  of a c c e Z e r a t i o n s .  I t  was e s 
t a b Z i s h e d  t h a t  t h e  change of t h e  pO2 in t h e  b r a i n  
t i s s u e  depends  on t h e  vaZue a s  we22 a s  t h e  v e c t o r  
o f  t h e  s t r e s s .  The g r e a t e s t  d e c r e a s e  in t h e  p02
is o b s e r v e d  f o r  t h e  d i r e c t i o n  "peZv i s -head"  f o r  
5 - 7  u n i t s ,  which  c o r r e s p o n d s  t o  a cZimb t o  an 
a Z t i t u d e  of 9 - 1 0 , 0 0 0  m e t e r s .  For  t h e  same vaZues 
of t h e  e f f e c t  in t h e  d i r e c t i o n  "head-peZv i s" ,  
t h e  changes  correspond  t o  t h o s e  which  t a k e  pZace 
a t  a c l i m b  of 3 - 5 , 0 0 0  m e t e r s .  

Although many authors [l, 3 ,  13, 14, 16, 361 link the develop- /241 
ment of disorders in the activity of the central nervous system 
during accelerations with the phenomena of oxygen deficiency, 
the problem itself (concerning the condition of the oxygen supply 
to thk brain under these conditions) nevertheless has still been 
insufficiently examined. The attempts of individual researchers 
[ 9 ,  13, 23, 3 6 1  to evaluate the condition of the cerebral circula
tion during accelerations solely on the basis of the arterial 
pressure in the vessels which feed the cerebrum can not be recog
nized as physiologically substantiated. As shown by many research
ers [ 4 ,  5, 8, 20, 21, 24, 29, 31-351, there is no strict correlation 
between the value of the arterial pressure and the condition of 
the cerebral circulation. Thus, according to certain data, the 
blood circulation in the vessels of the brain is not substantially 
weakened even during a decrease in the arterial pressure to 30 mm 

. Hg [201. 

Even more complex interrelationships between the arterial pres- /242 

sure and the cerebral circulation can take place during accel 

erations especially during the effect of accelerations in the 

direction "head-pelvis", when there are sharp changes in the pres

sure in the venous vessels in addition to a change in the pressure 

in the arterial part of the vascular system. The appearance of a 

negative pressure in the veins brings about preservation of the 

gradient of the arteriovenous pressure [lo, 26, 271. The blood 

circulation in the cerebral vessels can be preserved in this case, 

even when the arterial pressure decreases to extremely small values 

[lo, 15, 28, 301. The lumen of the venous vessels during the ap

pearance of very significant negative pressures in them remains 
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p a t e n t  b e c a u s e  o f  t h e i r  d i s t r i b u t i o n  i n  t h e  i s o l a t e d  c a v i t y  o f  t h e  
c r a n i u m ,  i n  w h i c h  a n e g a t i v e  p r e s s u r e  o f  t h e  l i q u i d  i s  p r o d u c e d  
d u r i n g  t h i s  t i m e .  

T h e r e f o r e ,  a number  o f  p u r e l y  p h y s i c a l  phenomena  c a n  f a v o r  
p r e s e r v a t i o n  o f  t h e  c e r e b r a l  b l o o d  f l o w  e v e n  d u r i n g  v e r y  r a p i d  
c h a n g e s  i n  t h e  t o t a l  hemodynamic  p i c t u r e .  

A c l a r i f i c a t i o n  o f  t h e  p r o b l e m  c o n c e r n i n g  t h e  d e g r e e  o f  hypox ia  
t o  w h i c h  t h e  c e n t r a l  n e r v o u s  s y s t e m  i s  s u b j e c t e d  d u r i n g  t h e  e f f e c t  
o f  a c c e l e r a t i o n s  would  u n d o u b t e d l y  a i d  i n  d e t e r m i n i n g  t h e  oxy
g e n  c o n t e n t  d i r e c t l y  i n  t h e  b r a i n  t i s s u e .  T h i s  p o s s i b i l i t y  w a s  
d i s c o v e r e d  t h r o u g h  t h e  d e v e l o p m e n t  o f  t h e  p o l a r o g r a p h i c  me thod  f o r  
d e t e r m i n i n g  t h e  c o n c e n t r a t i o n  o f  o x y g e n  i n  t h e  t i s s u e s  w i t h  t h e  
a i d  o f  s o l i d  e l e c t r o d e s  made o f  p l a t i n u m  [ll, 2 2 3 .  A l t h o u g h  t h e  
f i r s t  s t u d i e s  u s i n g  t h i s  me thod  were c o n d u c t e d  i n  1 9 5 6  [ 2 5 ] ,  t h e  
number  o f  s t u d i e s  a c c o m p l i s h e d  i n  t h i s  d i r e c t i o n  i s  n e v e r t h e l e s s  
s t i l l  i n s i g n i f i c a n t .  

T h u s ,  i n  e x p e r i m e n t s  o n  a n e s t h e t i z e d  c a t s ,  i t  w a s  e s t a b l i s h e d  
C251 t h a t  t h e  e f f e c t  of  a c c e l e r a t i o n s  i n  t h e  d i r e c t i o n  " h e a d 
p e l v i s "  f o r  a v e r a g e  v a l u e s ,  c a u s e s  a s u b s t a n t i a l  d e c r e a s e  i n  t h e  
o x y g e n  p r e s s u r e  i n  t h e  s u r f a c e  l a y e r s  o f  t h e  b r a i n .  Somewhat d i f 
f e r e n t  r e s u l t s  w e r e  o b t a i n e d  i n  c h r o n i c  e x p e r i m e n t s  on  d o g s  [ 7 ] .  
T h e s e  s t u d i e s  e s t a b l i s h e d  t h e  f a c t  t h a t  t h e  pO2 i n  t h e  b r a i n  t i s 
s u e s  d e c r e a s e s  o n l y  d u r i n g  a c c e l e r a t i o n s  w i t h  v a l u e s  g r e a t e r  
t h a n  4 u n i t s .  For l e s s e r  v a l u e s  o f  t h e  s t r e s s e s ,  t h e  o x y g e n  c o n 
t e n t  i n  t h e  c e r e b r a l  t i s s u e s  i n c r e a s e s  somewhat  d u r i n g  t h e  momenty 
o f  t h e  e f f e c t .  A c c o r d i n g  t o  t h e  d a t a  o f  t h e  a u t h o r s ,  t h e  mos t  
p r o n o u n c e d  c h a n g e s  i n  t h e  pO2 i n  t h e  b r a i n  t i s s u e  a r e  o b s e r v e d  
d u r i n g  a c c e l e r a t i o n s  i n  t h e  d i r e c t i o n  " h e a d - p e l v i s " .  However ,  
w e  s h o u l d  n o t e  t h a t  t h e  d a t a  p r e s e n t e d  on  t h e  o x y g e n  p r e s s u r e  i n  
t h e  b r a i n  t i s s u e  h a v e  o n l y  a n  a p p r o x i m a t e  n a t u r e ,  s i n c e  a q u a n t i t a 
t i v e  d e t e r m i n a t i o n  o f  t h e  pO2 by  u s i n g  e l e c t r o d e s  o f  t h e  o p e n  t y p e  
i s  h i g h l y  r e l a t i v e .  I n  v i e w  o f  t h i s ,  t h e  r e s u l t s  o f  t h e  s t u d i e s  
a r e  n o t  s u f f i c i e n t l y  a c c u r a t e  f o r  d e t e r m i n i n g  t h e  d e g r e e  o f  h y p o x i a  
t o  w h i c h  t h e  c e n t r a l  n e r v o u s  s y s t e m  i s  s u b j e c t e d  d u r i n g  t h e  e f f e c t  
o f  a n  a c c e l e r a t i o n .  M e a n w h i l e ,  t h i s  p r o b l e m  i s  of g r e a t  i n t e r e s t  
f r o m  b o t h  t h e  t h e o r e t i c a l  a n d  p r a c t i c a l  s t a n d p o i n t s .  T h i s  s t u d y  
a l s o  i n c l u d e s  a n  e x a m i n a t i o n  o f  t h i s  p r o b l e m .  

The t e s t s  w e r e  c o n d u c t e d  on  u n a n e s t h e t i z e d  a n i m a l s  ( c a t s  a n d  
r a b b i t s )  i n  c h r o n i c  e x p e r i m e n t s .  The o x y g e n  p r e s s u r e  w a s  d e t e r 
mined  p o l a r o g r a p h i c a l l y  a c c o r d i n g  t o  t h e  v a l u e  o f  t h e  d i f f u s i o n  
c u r r e n t  w i t h  a p o t e n t i a l  d i f f e r e n c e  of  0 . 6 5  V [ 1 2 ,  2 2 3 .  For t h e  
c a t h o d e s ,  we u s e d  s t a t i o n a r y  p l a t i n u m  e l e c t r o d e s  w i t h  d i a m e t e r s  o f  
0 . 1 4  m m ,  i n s e r t e d  5-7 d a y s  b e f o r e  t h e  b e g i n n i n g  o f  t h e  e x p e r i m e n t  
i n t o  v a r i o u s  s e c t i o n s  o f  t h e  c e r e b r u m  w i t h  t h e  a i d  o f  a s t e r e o 
t a x i c  a p p a r a t u s .  For t h e  a n o d e ,  w e  u s e d  a s i l v e r - c h l o r i d e  e l e c 
t r o d e  w i t h  a n  a r e a  o f  4 c m 2 ,  a t t a c h e d  w i t h  t h e  a i d  o f  a c l a m p  t o  
t h e  i n t e r n a l  s u r f a c e  o f  t h e  c o n c h a  a u r i c u l a e ,  w h i c h  w a s  f i r s t  
s m e a r e d  w i t h  e l e c t r o d e  p a s t e .  I n  o r d e r  t o  r e c o r d  t h e  d i f f u s i o n  

/ 2 4 3  
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c u r r e n t s ,  w e  u s e d  a m i c r o g r a p h  ( T y p e  B D - I ,  made b y  t h e  r lK ippa l l  f i r m ) .  

The a c c e l e r a t i o n s  w e r e  r e p r o d u c e d  i n  a c e n t r i f u g e  w i t h  a r a d i u s  
o f  2 m .  P a r t i c u l a r  a t t e n t i o n  w a s  g i v e n  t o  f i x i n g  t h e  a n i m a l s  o n  
t h e  t e s t - s t a n d .  I n  o r d e r  t o  r e d u c e  t h e  l o c a l  a c c e l e r a t i o n s  t o  
a minimum, we p u t  t h e  a n i m a l s  i n  s p e c i a l  c o n t a i n e r s  whose s h a p e  
c o r r e s p o n d e d  t o  t h e  c o n f i g u r a t i o n  o f  t h e i r  b o d i e s .  For a more 
u n i f o r m  d i s t r i b u t i o n  o f  t h e  s t r e s s  o v e r  t h e  s u r f a c e  o f  t h e  b o d y ,  
t h e  i n s i d e  w a l l s  o f  t h e  c o n t a i n e r  w e r e  p a d d e d  w i t h  a l a y e r  o f  foam 
p l a s t i c .  

We e x a m i n e d  t h e  e f f e c t  of  a c c e l e r a t i o n s  i n  t w o  d i r e c t i o n s :  
" h e a d - p e l v i s "  a n d  " p e l v i s - h e a d " .  The c a t s  w e r e  s u b j e c t e d  t o  
a c c e l e r a t i o n s  w i t h  v a l u e s  f r o m  2 t o  23 u n i t s  i n  t h e  d i r e c t i o n  
" h e a d - p e l v i s " ,  a n d  f r o m  2 t o  1 0  u n i t s  i n  t h e  d i r e c t i o n  " p e l v i s 
h e a d " .  I n  t h e  e x p e r i m e n t s  on  r a b b i t s ,  t h e  v a l u e  f o r  t h e  a c c e l 
e r a t i o n s  v a r i e d  f r o m  2 t o  1 2  u n i t s  ( " h e a d - p e l v i s " )  a n d  f r o m  2 t o  5 
u n i t s  ( " p e l v i s - h e a d " ) ,  r e s p e c t i v e l y .  I n  m o s t  c a s e s ,  t h e  t i m e  f o r  
t h e  e f f e c t s  l a s t e d  f r o m  3 0  s e c  t o  1 m i n .  

I n  c o n d u c t i n g  t h e  e x p e r i m e n t s ,  w e  d e c i d e d  n o t  t o  e v a l u a t e  t h e  
p o l a r o g r a m s  b y  t h e  s o - c a l l e d  o x y g e n  t e s t s  [ 6 ,  1 2 1 ,  s i n c e  t h e  r e 
a c t i o n  o f  t h e  c e r e b r a l  v e s s e l s  t o  h y p e r o x i a  w a s  n o t  a l w a y s  u n i f o r m .  
We d e c i d e d  t o  u s e  a d i f f e r e n t  m e t h o d  f o r  t h i s  p u r p o s e ;  we c a l l e d  
i t  t h e  m e t h o d  o f  " a l t i t u d e  t e s t s " .  The l a t t e r  i n c l u d e d  o b t a i n i n g  
t h e  p o l a r o g r a m s  w h i c h  c o r r e s p o n d e d  t o  a c e r t a i n  d e g r e e  o f  h y p o x i a :  
t h e  a n i m a l s  w e r e  s u b j e c t e d  t o  a. " c l i m b "  t o  a g i v e n  a l t i t u d e  i n  a 
p r e s s u r e  c h a m b e r .  I n  t h i s  c a s e ,  t h e  r e c o r d e d  p o l a r o g r a m s  w e r e  
c o m p a r e d  w i t h  t h e  f o l l o w i n g  o n e s ,  w h i c h  were  r e c o r d e d  i n  t h e  a n i 
m a l s  d u r i n g  t h e  e f f e c t  o f  a c c e l e r a t i o n s .  The  d a . t a  f r o m  t h e  
" a l t i t u d e  t e s t s "  were a l s o  u s e d  for c o n s t r u c t i n g  c a l i b r a t i o n  g r a p h s .  

I n  o r d e r  t o  c o n d u c t  t h e  a l t i t u d e  t e s t s ,  we u s e d  a p r e s s u r e  
chamber  w i t h  a volume o f  0 . 2  m 3 .  The " c l i m b "  t o  t h e  a l t i t u d e  a n d  
t h e  " l a n d i n g "  f r o m  t h e  a l t i t u d e  w e r e  r e a l i z e d  a t  a n  a v e r a g e  v e l o c i t y  
of  5 0  m/ sec .  The t i m e  t h e  a n i m a l s  r e m a i n e d  a t  a l t i t u d e s  o f  6 km 
( c a t s )  a n d  5 km ( r a b b i t s )  v a r i e d  f r o m  1 . 5  t o  3 min i n  most  c a s e s ;  
a t  a n  a l t i t u d e  o f  1 0  km, i t  w a s  n o  l o n g e r  t h a n  1 m i n .  I n  o r d e r  t o  
e l i m i n a t e  t h e  e f f e c t  o f  o n e  f a c t o r  on a n o t h e r  ( o x y g e n  d e f i c i e n c y  on 
a c c e l e r a t i o n ,  or v i c e  v e r s a ) ,  t h e  " c l i m b "  t o  t h e  a l t i t u d e  p r e  

c e d e d  t h e  e f f e c t  o f  t h e  a c c e l e r a t i o n s  i n  some e x p e r i m e n t s ,  w h i l e  

t h e  " c l i m b "  came a f t e r  t h e  s t r e s s e s  i n  t h e  o t h e r  e x p e r i m e n t s .  I n  

s e v e r a l  e x p e r i m e n t s  ( c o n t r o l s ) ,  t h e  " c l i m b "  o f  t h e  a n i m a l s  t o  a n  / 2 4 4  

a l t i t u d e  o f  5 km w a s  made b o t h  b e f o r e  a n d  a f t e r  t h e  r o t a t i o n  i n  

t h e  c e n t r i f u g e .  


I n  o r d e r  t o  d e t e r m i n e  t h e  a n i m a l s '  t o l e r a n c e  t o  a c c e l e r a t i o n ,  
w e  r e c o r d e d  t h e  r e s p i r a t i o n ,  e l e c t r o c a r d i o g r a m ,  a n d  ( i n  some c a s e s )  
t h e  e l e c t r o e n c e p h a l o g r a m .  We p e r f o r m e d  3 7  e x p e r i m e n t s  on  4 c a t s  
a n d  11 r a b b i t s .  I n  e a c h  e x p e r i m e n t ,  t h e  a n i m a l s  w e r e  s u b j e c t e d  t o  
t h e  e f f e c t  of  3 - 1 0  a c c e l e r a t i o n s .  
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The e x a m i n a t i o n s  c o n d u c t e d  showed t h a t  t h e  o x y g e n  c o n t e n t  i n  
t h e  b r a i n  t i s s u e  c h a n g e s  i n  v a r i o u s  ways i n  r e l a t i o n  t o  t h e  v a l u e ,  
d i r e c t i o n ,  a n d  r e c u r r e n c e  o f  t h e  e f f e c t  of t h e  a c c e l e r a t i o n .  / 2 4 5  
D u r i n g  a c c e l e r a t i o n s  o f  1 . 5  - 3 . 5  u n i t s  i n  t h e  d i r e c t i o n  " h e a d 
p e l v i s " ,  f o r  e x a m p l e ,  t h e  o x y g e n  p r e s s u r e  i n  t h e  b r a i n  t i s s u e  a t  
t h e  v e r y  moment of t h e  a c c e l e r a t i o n  u s u a l l y  i n c r e a s e d  somewhat  or 
r e m a i n e d  a t  t h e  o r i g i n a l  l e v e l  
o f  g r e a t e r  v a l u e s  ( 5  t o  7 u n i t s  
t h e  r a b b i t s ) ,  i t  a l s o  i n c r e a s e d  
e f f e c t ,  b u t  t h e n ,  w i t h i n  1 5 - 3 0  
o r i g i n a l  v a l u e  or e v e n  somewhat  
t h e  l i m i t s  o f  v a r i a t i o n  f o r  t h e  
e r a t i o n s  o f  8 - 1 2  u n i t s  f o r  t h e  

( F i g .  1). D u r i n g  a c c e l e r a t i o n s  
f o r  t h e  c a t s ,  4 . 5  t o  5 . 5  u n i t s  f o r  
somewhat  a t  t h e  b e g i n n i n g  o f  t h e  

s e c ,  i t  d e c r e a s e d  e i t h e r  t o  t h e  
l o w e r ;  h o w e v e r ,  i t  r e m a i n e d  w i t h i n  
p h y s i o l o g i c a l  norm. D u r i n g  a c c e l 

c a t s  a n d  6 - 9  u n i t s  f o r  t h e  r a b b i t s ,  
t h e  o x y g e n  p r e s s u r e  d e c r e a s e d  s u b s t a n t i a l l y ,  b o t h  i n  t h e  c o r t e x  
a n d  i n  t h e  s u b c o r t i c a l  s t r u c t u r e s  ( F i g .  1). T h i s  d e c r e a s e  became 
g r e a t e r  when t h e  v a l u e  a n d  t h e  d u r a t i o n  o f  t h e  e x t r e m e  s t r e s s  i n 
c r e a s e d .  N e v e r t h e l e s s ,  w e  d i d  n o t  o b s e r v e  a n y  s t r i c t  r e l a t i o n s h i p  
b e t w e e n  t h e  v a l u e  o f  t h e  a c c e l e r a t i o n  and  t h e  o x y g e n  p r e s s u r e  i n  
t h e  b r a i n  t i s s u e .  A c o m p a r i s o n  w i t h  t h e  r e s u l t s  o f  t h e  " a l t i t u d e  
t e s t s "  showed t h a t  t h e  o x y g e n  p r e s s u r e  i n  t h e  b r a i n  t i s s u e s  w a s  
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"1 D A c c e l e r a t i o n  

F i g .  1. Oxygen P r e s s u r e  i n  t h e  B r a i n  T i s s u e  o f  a C a t  f o r  V a r y i n g  
V a l u e s  o f  A c c e l e r a t i o n .  ( A ) ,  ( B ) ,  a n d  ( C ) :  D u r i n g  t h e  E f f e c t  

o f  A c c e l e r a t i o n ;  ( D ) :  D u r i n g  t h e  " A l t i t u d e  T e s t "  
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h i g h e r  i n  t h i s  case  t h a n  d u r i n g  t h e  c l i m b  t o  a n  a l t i t u d e  o f  5 0 0 0  m 
( F i g .  1 D ) .  

The p02  i n  t h e  b r a i n  t i s s u e  c h a n g e d  i n  a c o m p l e t e l y  d i f f e r e n t  
m a n n e r  d u r i n g  t h e  e f f e c t  o f  a c c e l e r a t i o n s  i n  t h e  d i r e c t i o n  
" p e l v i s - h e a d " .  I n  t h i s  c a s e ,  e v e n  r a t h e r  s m a l l  s t r e s s e s  w e r e  
a c c o m p a n i e d  b y  a v e r y  s t e e p  d e c r e a s e  i n  t h e  o x y g e n  p r e s s u r e  ( F i g .  
2 ) .  I n  c o n t r a s t  t o  t h e  a c c e l e r a t i o n s  i n  t h e  d i r e c t i o n  " h e a d 
p e l v i s " ,  t h e  o x y g e n  p r e s s u r e  d u r i n g  t h e  a c c e l e i  t i o n s  i n  t h i s  
d i r e c t i o n  d r o p p e d  a l m o s t  v e r t i c a l l y .  A c o m p a r i s o n  w i t h  t h e  d a t a  
f r o m  t h e  " a l t i t u d e  t e s t s "  showed t h a t  t h e  o x y g e n  p r e s s u r e  i n  t h e  
b r a i n  t i s s u e  d e c r e a s e d  i n  t h i s  c a s e  t o  a l e v e l  w h i c h  c o r r e s p 3 n d s  t o  
a n  a l t i t u d e  o f  8 - 1 0 , 0 0 0  m e t e r s  ( F i g .  2D).  S u b s t a n t i a .  d i f f e r e n c e s  
w e r e  a l s o  o b s e r v e d  i n  t h e  r e c o v e r y  r a t e  o f  t h e  p02  a f t e r  t h e  t e r m i 
n a t i o n  o f  t h e  a c c e l e r a t i o n s .  W h i l e  t h e  r e c o v e r y  of t h e  pO2 i n  
t h e  b r a i n  t i s s u e  u s u a l l y  b e g a n  i m m e d i a t e l y  a f t e r  t e r m i n a t i o n  o f  t h e  
s t r e s s e s ,  a n d  h a d  a s m o o t h  c u r v e  f o r  a c c e l e r a t i o n s  i n  t h e  - d i r e c 
t i o n  " h e a d - p e l v i s "  ( a v e r a g e  v a l u e s ) ,  a f t e r  a c c e l e r a t i o n s  i n  t h e  
d i r e c t i o n  " p e l v i s - h e a d "  i t  o c c u r r e d  much l a t e r .  I n  r e l a t i o n  t o  t h e  
v a l u e  o f  t h e  s t r e s s ,  t h e r e  w e r e  o b s e r v e d  t w o . v a r i a t i o n s  o f  r e t u r n s  
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F i g .  2 .  Oxygen P r e s s u r e  i n  t h e  B r a i n  T i s s u e  o f  a R a b b i t ,  i n  R e l a t i o n  
t o  t h e  D i r e c t i o n  o f  t h e  A c c e l e r a t i o n  ( A ) : '  D u r i n g  A c c e l e r a t i o n  
i n  t h e  D i r e c t i o n  " H e a d - P e l v i s "  ; ( B )  a n d  ( C )  : Same,  " P e l v i s - H e a d " ;  

( D ) :  D u r i n g  a n  " A l t i t u d e  T e s t "  
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t o  t h e  o r i g i n a l  p 0 2  l e v e l .  A f t e r  
t h e  r e c o v e r y  o f  t h e  p 0 2  h a d  a s t e p  
A f t e r  t h e  e f f e c t  o f  a c c e l e r a t i o n s  
t h e  t o l e r a b l e  maximum or a f t e r  t h e  
e r a t i o n s  w i t h  a v e r a g e  v a l u e s ,  t h e  
l e v e l  o c c u r r e d  o n l y  a f t e r  a p h a s e  

a c c e l e r a t i . o n s  o f  s m a l l  v a l u e s ,  
w i s e  c h a r a c t e r  ( F i g .  2 B,C). 

w h i c h  were  c l o s e  i n  v a l u e  t o  
r e p e a t e d  e f f e c t  o f  a c c e l 

r e t u r n  o f  t h e  p02  t o  i t s  o r i g i n a l  
s h o w i n g  a s i g n i f i c a n t  i n c r e a s e  / 2 4 6  

i n  t h e  o x y g e n  p r e s s u r e .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  a n i m a l  
c o n t i n u e d  t o  r e m a i n  i n  a s t a t e  o f  s h a r p  i n h i b i t i o n  d u r i n g  t h i s  
p e r i o d  a n d  d i d  n o t  r e a c t  t o  i m p o s e d  s t i m u l i .  I n  t h o s e  e x p e r i m e n t s  
w h e r e  w e  r e c o r d e d  t h e  a n i m a l ' s  e l e c t r o e n c e p h a l o g r a m ,  w e  o b s e r v e d  
i n  t h e  l a t t e r  a s h a r p  s u p p r e s s i o n  o f  t h e  b i o e l e c t r i c  a c t i v i t y ,  w i t h  
a p r e d o m i n a n c e  o f  t h e  s l o w  w a v e s .  The e x t e r n a l  r e s p i r a t i o n  a n d  t h e  
a c t i v i t y  o f  t h e  c a r d i o v a s c u l a r  s y s t e m  d u r i n g  t h i s  p e r i o d  were v e r y  / 2 4 7  
t o  t h e  o r i g i n a l .  I m m e d i a t e l y  a f t e r  t h e  e n d  o f  t h e  p h a s e  w i t h  t h e  
i n c r e a s e  i n  t h e  pO2, t h e  a n i m a l  b e g a n  t o  r e a c t  t o  t h e  s t i m u l i ,  w h i l e  
t h e r e  were f o u n d  more f r e q u e n t  r h y t h m s  on t h e  e l e c t r o e n c e p h a l o g r a m s .  
O b v i o u s l y ,  t h e  c a u s e  f o r  t h e  s i g n i f i c a n t  i n c r e a s e  i n  t h e  o x y g e n  
p r e s s u r e  d u r i n g  t h e  i m m e d i a t e  a f t e r e f f e c t s  f o r  t h e  a c c e l e r a t i o n  
i s  t h e  d e c r e a s e  i n  t h e  o x y g e n  r e q u i r e m e n t  f o r  t h e  n e r v e  t i s s u e .  

We s h o u l d  n o t e  t h a t  s i m i l a r  phenomena ,  b u t  l e s s  p r o n o u n c e d  
o n e s ,  w e r e  a l s o  o b s e r v e d  d u r i n g  a c c e l e r a t i o n s  i n  t h e  d i r e c t i o n  
" h e a d - p e l v i s "  i n  t h e  ca se  when t h e y  w e r e  c l o s e  t o  t h e  t o l e r a b l e  
maximum i n  v a l u e .  

I t  f o l l o w s  f r o m  t h e  a b o v e  t h a t  t h e  c h a n g e  i n  pO2 i n  t h e  b r a i n  
t i s s u e  i s  d e f i n i t e l y  r e l a t e d  b o t h  t o  t h e  v a l u e  a n d  t o  t h e  v e c t o r  
of t h e  a c c e l e r a t i o n .  The o x y g e n  p r e s s u r e  d e c r e a s e s  m o s t  s h a r p l y  
d u r i n g  a c c e l e r a t i o n s  i n  t h e  d i r e c t i o n  " p e l v i s - h e a d " .  D u r i n g  
a c c e l e r a t i o n s  o f  5 - 7 u n i t s  i n  t h i s  d i r e c t i o n ,  t h e  h y p o x i a  t o  
w h i c h  t h e  c e n t r a l  n e r v o u s  s y s t e m  i s  s u b j e c t e d  c o r r e s p o n d s  t o  t h a t  
w h i c h  i s  o b s e r v e d  d u r i n g  a c l i m b  t o  a n  a l t i t u d e  o f  9 - 1 0 , 0 0 0  m e t e r s .  
For s t r e s s e s  o f  t h e  same v a l u e ,  b u t  i n  t h e  d i r e c t i o n  " h e a d - p e l v i s " ,  
t h e  c h a n g e s  i n  t h e  o x y g e n  p r e s s u r e  i n  t h e  b r a i n  t i s s u e  d o  n o t  e x 
c e e d  t h e  l i m i t s  f o r  t h o s e  w h i c h  o c c u r  d u r i n g  a c l i m b  t o  a n  a l t i t u d e  
o f  3 - 5 , 0 0 0  m e t e r s .  For s t r e s s e s  o f  l e s s e r  v a l u e  i n  t h i s  d i r e c t i o n  
( u p  t o  5 u n i t s ) ,  t h e  o x y g e n  p r e s s u r e  i n  t h e  b r a i n  t i s s u e  r e m a i n s  
a t  a l e v e l  w h i c h  i s  c l o s e  t o  t h e  o r i g i n a l .  
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MORPHOLOGI CRL R!W CERTAIN HISTOCHEMIC A L  CHANGES 1N THE PRECOROMARY 
REGION OF THE CEREBRAL CORTEX I N  DOGS DURING THE EFFECT OF 

TRANSVERSE ACCELERATIONS 

D.I .  Medvedev 

ABSTRACT: The morphoZogica1 changes  i n  t h e  p r e 
coronary  r e g i o n  of t h e  c e r e b r a l  c o r t e x  i n  male 
dogs  were examined f o r  t h e  e f f e c t  of t h e  foZZowing 
a c c e l e r a t i o n s :  8 u n i t s  ?or 3 m i n u t e s  and 1 2  
u n i t s  f o r  1 m i n u t e .  There  were some s m a l l  hemor
r h a g e s ,  and o c c a s i o n a l  v a c u o Z i z a t i o n  of t h e  c y t o 
p l a s m  and c h r o m o t o Z y s i s  of t h e  n e r v e  ceZZs .  
Changes i n  t h e  q u a n t i t y  of r i b o n u c Z e i c  a c i d  i n  
t h e  cytopZasm and nucZeus of t h e  n e r v e  ceZZs a r e  
a l s o  d e s c r i b e d .  These  changes  have a r e v e r s i b l e  
n a t u r e .  

T h e r e  a r e  o n l y  a f e w  a r t i c l e s  i n  t h e  a v a i l a b l e  l i t e r a t u r e  on / 2 4 8  
t h e  s t u d y  o f  t h e  e f f e c t  of  a c c e l e r a t i o n s  o n  t h e  n e r v e  t i s s u e .  

T h u s ,  A . M .  Razumeyev a n d  P . N .  S u v o r o v  C 7 1 ,  h a v i n g  s t u d i e d  t h e  
d y n a m i c s  o f  t h e  c h a n g e s  i n  t h e  b i o e l e c t r i c  a c t i v i t y  o f  t h e  c e r e b r a l  
c o r t e x  d u r i n g  t h e  e f f e c t  o f  t r a n s v e r s e  a c c e l e r a t i o n s ,  f o u n d  t h e  
a p p e a r a n c e  o f  r a p i d  @ - w a v e s ,  w h i c h  q u i c k l y  c h a n g e  i n t o  a n  a - r h y t h m  
a n d  t h e n  i n t o  A-waves,  i n  t h e  c e r e b r a l  c o r t e x  a t  t h e  b e g i n n i n g  o f  
t h e  e f f e c t .  I n  e x p e r i m e n t s  on r a b b i t s ,  t h e r e  i s  a n  a l m o s t  c o m p l e t e  
d i s a p p e a r a n c e  o f  t h e  b i o e l e c t r i c  a c t i v i t y  i n  t h e  c e r e b r a l  c o r t e x  
d u r i n g  t h e  e f f e c t  o f  a n  a c c e l e r a t i o n  o f  7 u n i t s  f o r  1 0  m i n u t e s .  
A f t e r  t e r m i n a t i o n  o f  t h e  e f f e c t s  i n  t h e  c e n t r i f u g e ,  t h e  b i o e l e c t r i c  / 2 4 9  
a c t i v i t y  o f  t h e  c e r e b r a l  c o r t e x  r e c o v e r e d  r a p i d l y .  

The d a t a  o f  Yu.Ye. M o s k a l e n k o ,  O . G .  G a z e n k o ,  e t  a l .  [ S I  on t h e  
s t u d y  o f  t h e  b l o o d  s u p p l y  t o  t h e  c e r e b r u m  d u r i n g  t h e  c o n d i t i o n s  o f  
a c c e l e r a t i o n  show t h a t  . t h e  a d a p t a t i o n  r e a c t i o n s  o f  t h e  v a s c u l a r  
s y s t e m  i n  t h e  b r a i n  p l a y  a n  i m p o r t a n t  p a r t  i n  t h e  a p p e a r a n c e  o f  
r e s i s t a n c e  o f  t h e  c o r t e x  t o  t h i s  e f f e c t .  

M o r e o v e r ,  i n  a s t u d y  b y  N.N. Z h u k o v - V e r e z h n i k o v ,  V . I .  Yazdov
s k i y ,  e t  a l .  [ 4 ] ,  it  i s  shown t h a t  t h e  " t o l e r a n c e  o f  a n i m a l s  a n d  
men t o  f l i g h t  i s  l i n k e d  n o t  o n l y  t o  t h e  p e r f e c t i o n  o f  t h e  o r g a n i s m ' s  
c o m p e n s a t o r y  s y s t e m s ,  b u t  a l s o  t o  t h e  s i g n i f i c a n t  s t a b i l i t y  f o r  a 
l i v i n g  c e l l  i n  r e l a t i o n  t o  t h e  p r e l i m i n a r y  e f f e c t s  o f  a f l i g h t " .  

A m o r p h o h i s t o c h e m i c a l  e x a m i n a t i o n  o f  t h e  l a b y r i n t h  i n  a n i m a l s  
s u b j e c t e d  t o  a c c e l e r a t i o n s ,  c o n d u c t e d  b y  Y a . A .  V i n n i k o v  a n d  h i s  
c o a u t h o r s  [3], showed t h a t ,  i m m e d i a t e l y  a f t e r  t h e  a c c e l e r a t i o n s ,  
t h e r e  i s  a s e v e r e  i m p o v e r i s h m e n t  of r i b o n u c l e i c  a c i d  i n  t h e  p r o t o 
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p l a s m  o f  t h e  h a i r  c e l l s  i n  t h e  u t r i c u l a r  s p o t ,  a n d  a d i s p l a c e m e n t  
o f  t h e  n u c l e u s  i n  t h e  d i r e c t i o n  o f  t h e  a c c e l e r a t i o n  v e c t o r ,  as  w e l l  
a s  a c o n t r a c t i o n  o f  t h e  n u c l e i  o f  t h e  h a i r  c e l l s .  The r e c o v e r y  
p r o c e s s  l a s t e d  4 h o u r s  a n d  l o n g e r .  

I n  a s t u d y  b y  I . M .  Khazen [ 8 ] ,  it w a s  n o t e d  t h a t  " d u r i n g  a 
h i s t o l o g i c a l  e x a m i n a t i o n  o f  t h e  c e r e b r u m  i n  r a t s  w h i c h  h a d  b e e n  
s u b j e c t e d  t o  t h e  e f f e c t  o f  a c c e l e r a t i o n ,  t h e r e  w a s  f o u n d  a c l e a r  
a m i t o t i c  s e p a r a t i o n  o f  t h e  n e r v e  c e l l s " .  

I n  t h i s  s t u d y ,  w e  e x a m i n e d  t h e  c h a n g e s  i n  t h e  p r e - c o r o n a r y  
r e g i o n  o f  t h e  c e r e b r a l  c o r t e x  i n  a d u l t  male  d o g s  d u r i n g  t h e  e f f e c t  
of a c c e l e r a t i o n s  w i t h  v a l u e s  o f  8 u n i t s  for 3 m i n u t e s  ( S e r i e s  I 
o f  t h e  e x p e r i m e n t s ) ,  a n d  w i t h  v a l u e s  o f  1 2  u n i t s  f o r  1 m i n u t e  ( S e r i e s  
I1 o f  t h e  e x p e r i m e n t s ) .  On t h e  b a s i s  o f  s t u d i e s  by t h e  I . P .  P a v l o v  
s c h o o l ,  w e  e x a m i n e d  t h i s  r e g i o n  i n  t h e  d o g s  a s  a n u c l e a r  z o n e  o f  a 
m o t o r  a n a l y z e r .  

The n u c l e u s  of t h e  m o t o r  a n a l y z e r  i s  l o c a t e d  i n  t h e  s i g m o i d  
g y r u s  w h e r e  t h e  f i e l d s  P r C l  a n d  PrC2 a r e  f o u n d  [l]. T h e s e  f i e l d  
a r e  c h a r a c t e r i z e d  by a n a r r o w  c o r t e x ,  by a l a c k  o f  a f o u r t h  l a y e r  
a n d  t h e  p r e s e n c e  i n  t h e  f i f t h  l a y e r  o f  a l a r g e  number o f  g i g a n t i c  
p y r a m i d a l  B e t z  c e l l s ,  a n d  a l s o  by a c o m p a r a t i v e l y  w i d e  t h i r d  l a y e r .  

The d o g s  w e r e  k i l l e d  by e t h e r  v a p o r  w i t h i n  1 h o u r  a n d  1, 3 ,  7 ,  
1 5 ,  3 0 ,  a n d  60 d a y s  a f t e r  t h e  e f f e c t  of t h e  a c c e l e r a t i o n s .  I n  
b o t h  S e r i e s  I a n d  S e r i e s  I1 o f  t h e  e x p e r i m e n t s ,  w e  e x a m i n e d  t w o  
d o g s  i n  e a c h  p e r i o d .  We e x a m i n e d  28 e x p e r i m e n t a l  a n i m a l s  a n d  2 
c o n t r o l s .  

The m a t e r i a l s  w e r e  f i x e d  i n  l O % - f o r m a l i n ,  i n  9 6 ° - a l c o h o l ,  a n d  
i n  C a r n o t  l i q u i d ,  a n d  m o u n t e d  i n  p a r a f f i n  a n d  c e l l o i d i n .  I n  t h e  
s t u d y ,  we u s e d  t h e  f o l l o w i n g  m e t h o d s :  h e m a t o x y l i n - e o s i n ,  s t a i n i n g  
w i t h  t h i o n i n e  ( N i s s l ) ,  s t a i n i n g  w i t h  Sudan  I11 f o r  � a t  ( f r o z e n  
s e c t i o n s ) ,  d e t e c t i o n  o f  r i b o n u c l e i c  a c i d  a c c o r d i n g  t o  B r a s h ,  a n d  
s t a i n i n g  w i t h  S c h i f f  r e a g e n t  a n d  p e r i o d i c  a c i d  ( S c h i c k  r e a c t i o n ) .  
The t h i c k n e s s  o f  t h e  p a r a f f i n  s e c t i o n s  w a s  5-71-1 a n d  t h a t  o f  t h e  
c e l l o i d i n  w a s  10-121-1 .  

The m a c r o s c o p i c  c h a n g e s  a f t e r  t h e  a c c e l e r a t i o n s  w e r e  e x 
p r e s s e d  i n  h y p e r e m i a  i n  t h e  p i a  m a t e r  a n d  t h e  s u r f a c e  v e s s e l s  o f  
t h e  b r a i n .  

I n  e x a m i n i n g  t h e  p r e p a r a t i o n s  s t a i n e d  b y  h e m a t o x y l i n - e o s i n ,  w e  
s h o u l d  n o t e  t h e  e d e m a t o u s n e s s  i n  t h e  c e r e b r a l  t i s s u e s ,  i n  t h e  f o r m  
o f  s i g n i f i c a n t  p e r i v a s c u l a r  a n d  p a r t l y  p e r c e l l u l a r  s w e l l i n g s .  

I n  many o f  t h e  d o g s ,  t h e r e  w e r e  s m a l l  h e m o r r h a g e s ,  o c c u r r i n g  
b o t h  a s  r u p t u r e s  i n  t h e  v a s c u l a r  w a l l  a n d  a s  l e a k a g e  o f  e r y t h r o c y t e s  
p e r  d i a p e d e s i n .  T h e s e  h e m o r r h a g e s  w e r e  l o c a t e d  m a i n l y  a t  t h e  
b o u n d a r y  o f  t h e  w h i t e  a n d  g r a y  m a t t e r ,  a n d  a l s o  i n  t h e  s e c o n d  a n d  
t h i r d  l a y e r s  o f  t h e  c o r t e x .  They were  f o u n d  m o s t  f r e q u e n t l y  i n  t h e  
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F i g .  1. Normal G a n g l i o n i c  Nerve C e l l  i n  t h e  F i f t h  Layer  o f  t h e  
C o r t e x .  The N i s s l  S u b s t a n c e ,  i n  t h e  Form o f  B a c i l l i f o r m  Lumps i s  
O r i e n t e d  Along t h e  Length  of  t h e  Axis  of  t h e  C e l l .  S t a i n i n g  w i t h  

T h i o n i n e  Accord ing  to N i s s l .  O b j e c t i v e :  9Ox; Ocu la r :  15x .  

F i g .  2 .  G a n g l i o n i c  Nerve C e l l  i n  t h e  F i f t h  Layer  o f  t h e  C o r t e x  on 
t h e  Seven th  Day A f t e r  A c c e l e r a t i o n  o f  8 u n i t s  f o r  3 min. T-he 
N i s s l  Lumps, i n  t h e  Form o f  Powdered G r a n u l e s ,  are  Arranged.Concen
t r i c a l l y  Around t h e  Nucleus .  A t  t h e  P e r i p h e r y  o f  t h e  P ro top la sm,  
t h e  Format ion  o f  .an O p t i c a l l y  C l e a r  Space h a s  Begun. S t a i n i n g  w i t h  

T h i o n i n e  Accord ing  t o  N i s s - 1 .  O b j e c t i v e :  9Ox; Ocu la r :  15x .  
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F i g .  3 .  F i r s t  Days A f t e r  A c c e l e r a t i o n s  o f  8 . U n i t s  for 3 Minutes .  
Nerve C e l l  i n  t h e  F i f t h  Layer  of  t h e  C o r t e x .  The O l i g o d e n d r o g l i a  
C e l l s  a r e  b e i n g  I n c o r p o r a t e d  i n  t h e  P ro top la sm o f  t h e  G a n g l i o n i c  
Nerve C e l l .  S t a i n i n g  w i t h  T h i o n i n e  Accord ing  t o  N i s s l .  O b j e c t i v e :  

9 0 ~ ; .Ocula r :  15x. 

F i g .  4.  Three  Days A f t e r  A c c e l e r a t i o n s  o f  8 U n i t s  f o r  3 Minutes .  
Withdrawal  o f  t h e  Nuc leo le  f rom t h e  Nucleus .  N i s s l  Lumps i n  t h e  
Form o f  Powdered G r a n u l e s .  G a n g l i o n i c  N e r v e  C e . 1 1  i n  t h e  F i f t h  Laver 



d o g s  i n  S e r i e s  I o f  t h e  e x p e r i m e n t s ,  a t  t i m e s  i m m e d i a t e l y  f o l l o w i n g  
t h e  e x p e r i m e n t s  ( 1  h o u r ,  1 d a y ,  3 d a y s ) .  They were f o u n d  much l e s s  
f r e q u e n t l y  d u r i n g  l a t e r  p e r i o d s .  They were n o t  f o u n d  a t  a l l  i n  
many o f  t h e  d o g s  i n  S e r i e s  11. 

I n  t h e  p r e p a r a t i o n s  s t a i n e d  i n  t h i o n i n e  b y  t h e  N i s s l  m e t h o d ,  
t h e r e  w a s  o b s e r v e d  c h a n g e  ( p r o g r e s s i v e  w i t h  t i m e )  i n  t h e  l o c a t i o n  
a n d  s h a p e  o f  t h e  N i s s l  s u b s t a n c e  i n  t h e  g i g a n t i c  p y r a m i d a l  c e l l s  
o f  t h e  f i f t h  l a y e r  o f  t h e  c o r t e x  w i t h i n  1 h o u r  ( a n d  a f t e r  1, 3 ,  7 ,  
a n d  1 5  d a y s )  i n  b o t h  S e r i e s  I a n d  S e r i e s  I1 o f  t h e  e x p e r i m e n t s .  I n  
t h e  c o n t r o l  a n i m a l s ,  t h e  N i s s l  s u b s t a n c e  i n  t h e s e  c e l l s  i s  d i s t r i b 
u t e d  u n i f o r m l y  o v e r  t h e  e n t i r e  b o d y  o f  t h e  c e l l s ,  m a i n l y  i n  t h e  
f o r m  o f  r a t h e r  l a r g e  b a c i l l i f o r m  l u m p s  e x t e n d e d  a l o n g  t h e  l e n g t h  
o f  t h e  a x i s  o f  t h e  c e l l s  ( F i g .  1). A f t e r  t h e  e f f e c t  o f  t h e  a c c e l e r 
a t i o n s ,  t h e  N i s s l  l u m p s  i n  m o s t  o f  t h e  c e l l s  a c q u i r e  a t y p e  o f  
p o w d e r e d  or r o u n d e d  g r a n u l e s ,  a n d  a r e  a r r a n g e d  c o n c e n t r i c a l l y  
a r o u n d  t h e  n u c l e i  o f  t h e  n e r v e  c e l l s  ( F i g .  2 ) .  T h e r e  i s  o f t e n  
p e r i p h e r a l  c h r o m a t o l y s i s .  I n  many o f  t h e  c e l l s ,  t h e r e  a r e  v a c u o l e s  
a r o u n d  t h e  p e r i p h e r y  o f  t h e  p r o t o p l a s m .  A t  t h e  same t i m e ,  t h e  
number o f  c e l l s  w h i c h  show a c a p a c i t y  f o r  b e i n g  s t a i n e d  i n t e n s e l y  
w i t h  t h i o n i n e  i n c r e a s e s .  S u c h  n e r v e  c e l l s  a c q u i r e  a n  e l o n g a t e d  
s h a p e .  The s t a i n  i s  d i s t r i b u t e d  d i f f u s e l y  o v e r  t h e  e n t i r e  p e r i 
n u c l e a r  p r o t o p l a s m .  A s  a r e s u l t ,  t h e  N i s s l  l u m p s  become a l m o s t  
u n i f o r m .  The c e l l  n u c l e u s ,  w h i c h  i s  u s u a l l y  l i g h t  u n d e r  n o r m a l  
c o n d i t i o n s ,  i s  a l s o  s t a i n e d  d i f f u s e l y  by t h i o n i n e .  The p e r i p h e r y  
o f  t h e  p r o t o p l a s m  i n  s u c h  h y p e r c h r o m i c  c e l l s  i s  o f t e n  f r e e  f r o m  
d y e  a n d  i s  o p t i c a l l y  c l e a r .  A t  t h e  same t i m e ,  t h e r e  i s  s o m e t i m e s  
a n  i n c r e a s e  i n  t h e  a c t i v i t y  o f  t h e  o l i g o d e n d r o g l i a ,  whose c e l l s  a r e  
i n s e r t e d  i n  t h e  p r o t o p l a s m  o f  t h e  n e r v e  c e l l s  i n  a number o f  c a s e s  
( F i g .  3 ) .  

The n u c l e o l e s  w e r e  s t a i n e d  i n t e n s e l y  d u r i n g  t h e  f i r s t  d a y s  
a f t e r  t h e  e f f e c t ;  i n  many c a s e s ,  t h e y  moved t o w a r d  t h e  p e r i p h e r y  o f  
t h e  n u c l e i .  T h e r e  w a s  o f t e n  a c o m p l e t e  w i t h d r a w a l  o f  t h e  n u c l e o l e  
f r o m  t h e  n u c l e u s  ( F i g .  4 ) .  S u c h  phenomena  were f o u n d  v e r y  i n f r e 
q u e n t l y  i n  t h e  c o n t r o l  a n i m a l s .  The d i r e c t i o n  o f  t h e  w i t h d r a w a l  
o f  t h e  n u c l e o l e s  f r o m  t h e  n u c l e i  i s  n o t  s t r i c t l y  l i m i t e d ,  a n d  d o e s  
n o t  d e p e n d  on  t h e  d i r e c t i o n  o f  t h e  a c c e l e r a t i o n s .  

I n  t h e  t h i r d  l a y e r  o f  t h e  c o r t e x ,  d u r i n g  t h e  f i r s t  t w o  weeks  
a f t e r  t h e  e f f e c t  o f  t h e  a c c e l e r a t i o n s ,  t h e r e  i s  a l s o  a n  i n c r e a s e  
i n  t h e  number o f  h y p e r c h r o m i c  c e l l s .  I n  t h e  n e r v e  c e l l s  o f  t h e  
s e c o n d  a n d  s i x t h  l a y e r s  o f  t h e  c o r t e x ,  t h e r e  i s  a n  i n i t i a l  c h r o m a t o 
l y s i s  a n d  v a c u o l i z a t i o n  o f  t h e  p r o t o p l a s m  i n  t h e  c e l l s  ( F i g .  5 ) .  
D u r i n g  l a t e r  p e r i o d s  a f t e r  t h e  e x p e r i m e n t  ( 1 5 ,  3 0 ,  a n d ,  i n  p a r t ,  
6 0  d a y s ) ,  t h e  number o f  b i n u c l e o l a r  a n d  b i n u c l e a r  c e l l s  i n c r e a s e s .  
S o m e t i m e s  w e  c a n  a l s o  o b s e r v e  c o n s t r i c t i o n  o f  t h e  n u c l e i .  O b v i o u s l y ,  
t h e s e  p i c t u r e s  o f  a m i t o t i c  f i s s i o n  show a c o m p e n s a t o r y  r e a c t i o n  o f  
t h e  n e r v e  t i s s u e .  
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The phenomena d e s c r i b e d  d i s a p p e a r  i n  m o s t  c a ses  a r o u n d  t h e  
3 0 t h  d a y ,  e s p e c i a l l y  a r o u n d  t h e  6 0 t h  d a y ,  a n d  t h e  m o r p h o l o g i c a l  
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p i c t u r e  o f  t h e  p r e c o r b n a r y  zone i n  t h e  co r t ex  d i f f e r s  l i t t l e  from 
t h e  norm d u r i n g  t h i s  t i m e .  

F i g .  5 .  F i r s f  D a y  A f t e r  A c c e l e r a t i o n s  o f - 8  U n i t s  for 3 Minutes .  
Nerve C e l l s  i n  t h e  Second Layer  o f  t h e  C o r t e x .  P e r i p h e r a l  Chromato
l y s i s ,  A c t i v a t i o n  of t h e  O l i g o d e n d r o g l i a .  S t a i n i n g  w i t h  Th ion ine  

Accord ing  to N i s s l .  O b j e c t i v e :  9Ox; Ocu la r :  20x. 

The f a t  c e l l s ,  d e t e c t e d  d u r i n g  s t a i n i n g  o f  t h e  f r o z e n  s e c t i o n s  
w i t h  Sudan 111, w e r e  found i n  t h e  form o f  numerous c l u s t e r s  a round 
t h e  v e s s e l s .  The q u a n t i t y  o f  t h i s  p e r i v a s c u l a r  f a t  v a r i e d  g r e a t l y  
i n  d i f f e r e n t  dogs .  Moreover,  f o r  2 dogs i n  t h e  second se r ies  o f  
e x p e r i m e n t s ,  t h e r e  w e r e  a number o f  Betz  g a n g l i o n i c  ce l l s  i n  t h e  
f i f t h  l a y e r  o f  t h e  c o r t e x  w i t h i n  7 and  30  d a y s .  During l a t e r  
p e r i o d s ,  w e  w e r e  u n a b l e  to f i n d  any f a t  i n  t h e  n e r v e  c e l l s .  It i s  
v e r y  p r o b a b l e  t h a t  t h e  a p p e a r a n c e  of  f a t t y  i n c l u s i o n s  i n  t h e  c y t o 
plasm o f  t h e  nerve c e l l s  i s  l i n k e d  t o  t h e  a g e  of  t h e  dogs ,  and n o t  
to t h e  e f f e c t  o f  t h e  a c c e l e r a t i o n s .  

Dur ing  t h e  f i r s t  day a f t e r  t h e  e x p e r i m e n t ,  t h e r e  i s  a d e f i n i t e  
i n c r e a s e  i n  t h e  q u a n t i t y  o f  r i b o n u c l e i c  a c i d  i n  b o t h  ser ies .  The 
q u a n t i t y  o f  r i b o n u c l e i c  a c i d  i n c r e a s e s  v e r y  r a p i d l y  w i t h i n  1 hour  
a f t e r  r o t a t i o n  i n  t h e  c e n t r i f u g e .  On a b o u t  t h e  t h i r d  d a y ,  t h e  
q u a n t i t y  o f  r i b o n u c l e i c  a c i d  d e c r e a s e s  t o  t h e  norm. On t h e  s e v e n t h  /254 
and f i f t e e n t h  d a y s ,  t h e r e  i s  a n o t h e r  i n c r e a s e  i n  t h e  r i b o n u c l e i c  
a c i d  c o n t e n t .  A f t e r  3 more d a y s ,  t h e  p e r c e n t a g e  of  r i b o n u c l e i c  
a c i d  i s  normal  and r ema ins  c l o s e  t o  t h e  norm f o r  6 0  days  a f t e r  t h e  
e x p e r i m e n t .  

It i s  w e l l  known t h a t  t h e  amount o f  r i b o n u c l e i c  a c i d  d i f f e r s  
i n  r e l a t i o n  t o  t h e  f u n c t i o n a l  s t a t e  of  t h e  c e l l ,  and i s  c l o s e l y  
l i n k e d  w i t h  t h e  s y n t h e s i s  o f  p r o t e i n  i n  t h e  l a t t e r .  During a d e q u a t e  
s t i m u l a t i o n  o f  t h e  n e r v e  s y s t e m ,  t h e r e  i s  a n  i n c r e a s e  i n  t h e  amount 
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o f  r i b o n u c l e i c  a c i d  i n  t h e  c y t o p l a s m  o f  t h e  n e r v e  c e l l s  [ 2 ] .  

I n  r e l a t i o n  t o  t h i s ,  w e  c a n  a s s u m e  t h a t  t h e  d e s c r i b e d  i n c r e a s e  
i n  t h e  r i b o n u c l e i c  a c i d  d u r i n g  t h e  f i r s t  d a y  a f t e r  t h e  a c c e l e 
r a t i o n  i s  c a u s e d  b y  t h e  f u n c t i o n a l  t e n s i o n  o f  t h e  n e r v e  c e l l s ,  a n d  
p e r h a p s  i s  l i n k e d  w i t h  a n  i n c r e a s e  i n  t h e  s y n t h e s i s  o f  p r o t e i n  i n  
t h e m .  

I n  p r o c e s s i n g  t h e  s e c t i o n s  w i t h  t h e  S c h i f f  r e a g e n t  w i t h  
p e r i o d i c  a c i d ,  t h e r e  w a s  o b s e r v e d  i n  a number  o f  d o g s  a S c h i c k - . 
p o s i t i v e  s t a i n i n g  o f  t h e  p r o t o p l a s m  i n  t h e  B e t z  g a n g l i o n i c  c e l l s ,  
i n  t h e  r e g i o n  w h e r e  t h e  p r o c e s s e s  were  r e m o v e d  ( m o s t  o f t e n  i n  t h e  
r e g i o n  o f  t h e  a x o n  m o n t i c u l u s ) .  T h i s  s t a i n  i s  a t y p e  o f  d i f f u s e  
p i n k  a r e a  w h i c h  t a k e s  up  a l a r g e  p a r t  o f  t h e  p r o t o p l a s m  i n  t h e  c e l l s .  
I n  t h e  r e g i o n  o f  t h e  S c h i c k - p o s i t i v e  s t a i n i n g ,  t h e  N i s s l  s u b s t a n c e  
i s  n o t  f o u n d .  When s t a i n e d  w i t h  t h i o n i n e ,  t h i s  r e g i o n  a c q u i r e s  a n  
i n t e n s e l y  b l u e  c o l o r ,  w h i l e  a l l  t h e  o t h e r  s t r u c t u r e s  a r e  s t a i n e d  
b y  t h i o n i n e  t o  a v i o l e t  c o l o r .  The S c h i c k - p o s i t i v e  s t a i n i n g  o f  t h e  
p r o t o p l a s m  d e s c r i b e d  a b o v e  w a s  f o u n d  v e r y  c l e a r l y  i n  t h e  d o g s  o f  
S e r i e s  I o f  t h e  e x p e r i m e n t s ,  a n d  o c c u r r e d  as  a n  i m m e d i a t e  a f t e r 
e f f e c t  ( w i t h i n  1 h o u r ,  a n d  w i t h i n  3 d a y s  a f t e r  t h e  e f f e c t ) ;  i t  w a s  
f o u n d  l e s s  c l e a r l y  i n  t h e  d o g s  o f  S e r i e s  I1 o f  t h e  e x p e r i m e n t s  a t  
l a t e r  p e r i o d s  ( w i t h i n  3 0  d a y s  a f t e r  t h e  e f f e c t ) .  I n  o r d e r  t o  e x 
p l a i n  t h e  n a t u r e  o f  t h e  phenomenon d e s c r i b e d ,  a d d i t i o n a l  h i s t o 
c h e m i c a l  e x a m i n a t i o n s  a r e  n e c e s s a r y .  

CONCLUSION 

The d a t a  w e  o b t a i n e d  show t h a t  t h e  e f f e c t  o f a c c e l e r a t i o n s  
l e a d s  t o  a number o f  m o r p h o l o g i c a l  a n d  h i s t o c h e m i c a l  c h a n g e s  i n  t h e  
p r e c o r o n a r y  r e g i o n  o f  t h e  c e r e b r a l  c o r t e x .  

The n a t u r e  o f  t h e s e  c h a n g e s  i n  b o t h  s e r i e s  o f  t h e  e x p e r i m e n t s ,  
a n d  t h e  d y n a m i c s  f o r  t h e i r  d e v e l o p m e n t ,  d o  n o t  c o i n c i d e  b a s i c a l l y .  
However ,  t h e  t i m e  f a c t o r  i s  d e f i n i t e l y  i m p o r t a n t ,  a n d  t h e  c h a n g e s  
i n  S e r i e s  I a r e  more p r o n o u n c e d  t h a n  i n  S e r i e s  11. 

We c a n  a s s u m e  t h a t  m o s t  o f  t h e  m o r p h o h i s t o c h e m i c a l  c h a n g e s  
o c c u r r i n g  a f t e r  t h e  e f f e c t  of a c c e l e r a t i o n  i s  l i n k e d  w i t h  t h e  
d e v e l o p m e n t  o f  i n h i b i t i n g  p r o c e s s e s  i n  t h e  c o r t e x .  T h e s e  p r o c e s s e s  
a r e  n e c e s s a r y  f o r  t h e  r e c o v e r y  o f  n o r m a l  a c t i v i t y  i n  t h e  n e r v e  c e l l s .  

T h i s  a s s u m p t i o n  c a n  b e  b a s e d  on  t h e  f a c t  t h a t  t h e  a b o v e - d e 
s c r i b e d  p i c t u r e s  f o r  t h e  c h a n g e  i n  t h e  l o c a t i o n  o f  t h e  N i s s l  s u b 
s t a n c e ,  t h e  i n c r e a s e  i n  t h e  q u a n t i t y  o f  h y p e r c h r o m i c  c e l l s ,  t h e  
a p p e a r a n c e  o f  a n  o p t i c a l l y  c l e a r  s p a c e  a t  t h e  p e r i p h e r y ,  e t c . ,  
l a r g e l y  c o r r e s p o n d  t o  t h e  m o r p h o l o g i c a l  p i c t u r e s  d e s c r i b e d  by B . N .  
K l o s o v s k i y  a n d  Y e . N .  K o s m a r s k a y a  f o r  c a r o t i d  i n h i b i t i o n  [ S I .  / 2 5 5  

The c h a n g e s  d e t e c t e d  h a v e  a t r a n s i t i o n a l  n a t u r e  i n  t h e  o v e r 
w h e l m i n g  m a j o r i t y  o f  c a s e s ;  as  a r u l e ,  t h e y  d i s a p p e a r  w i t h i n  two 
m o n t h s  a f t e r  t h e  s t r e s s  i n  t h e  c e n t r i f u g e .  
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REACTION AND ADAPTATION OF THE CENTRAL NERVOUS SYSTEM TO STAGNANT 
ANOXIA (RADIAL  ACCELERATION I N  ONTOGENESIS) 

L .  J i l e k ,  S .  T r o j a n ,  J .  F i s c h e r ,  a n d  L.  Krulich 

ABSTRACT:  The r e s i s t a n c e  of t h e  c e n t r a 2  nervous  
s y s t e m  t o  h y p o x i a ,  which  i s  formed by a p o s i t i v e  
radiaZ a c c e Z e r a t i o n  of a vaZue of 1 0  g ,  is 
examined i n  r a t s  d u r i n g  earZy  p o s t n a t a Z  ontogene
s i s .  R e s i s t a n c e  t o  hypox ia  i s  Zinked w i t h  age .  
The younger t h e  an imal ,  t h e  f e w e r  t h e  d i s o r d e r s  
observed  i n  t h e  c e n t r a 2  nervous  s y s t e m  d u r i n g  
acce Z e r a t i o n s .  The oZder t h e  animaZ, t h e  
more d i f f e r e n t i a t e d  t h e  n e r v e  t i s s u e  and t h e  
Zower t h e  t o  Zerance.  

A r a d i a l  a c c e l e r a t i o n  w h i c h  e x c e e d s  6 g i n t e r r u p t s  t h e  b l o o d  / 2 5 5  
c i r c u l a t i o n  a n d  c a u s e s  c o m p l e t e  s t a g n a n t  a n o x i a  ( i s c h e m i a )  i n  a l l  
t h e  t i s s u e s ,  i n c l u d i n g  t h e  c e n t r a l  n e r v o u s  s y s t e m ;  t h e  c h a n g e s  i n  
t h e  l a t t e r  d e p e n d  on  t h e  o n t o g e n e t i c  m a t u r i t y  o f  t h e  n e r v e  t i s s u e  
[ 3 ] .  I n  o u r  e x p e r i m e n t s ,  s t a g n a n t  a n o x i a  o f  t h e  c e n t r a l  n e r v o u s  
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c 45 
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0 
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v1 


e: 

Lk 

v1 

a, ,” .si 
si 0 3 5 7 9  l Z f S / S  25 . AD
4 

Age, Days 

F i g .  1. The R e s i s t i v i t y  o f  t h e  
R a t s  t o  S t a g n a n t  A n o x i a  C a u s e d  
by a P o s i t i v e  R a d i a l  A c c e l e r a 
t i o n  o f  l o g .  A D  - A d u l t  
F e a t u r e s  

2 74 

s y s t e m  w a s  c a u s e d  by a p o s i t i v e  
r a d i a l  a c c e l e r a t i o n  o f  1 0  g i n  
a s p e c i a l  c e n t r i f u g e  C81,  i n  
r a t s  d u r i n g  t h e i r  p o s t n a t a l  
p e r i o d .  

RESISTANCE OF T H E  C E N T R A L  / 2 5 6  
NERVOUS SYSTEM T O  

STAGNANT A N O X I A  

A n o n - r e c o v e r a b l e  a r r e s t  
of t h e  r e s p i r a t i o n  was c o n s i d e r e d  
a s  t h e  c r i t e r i o n  f o r  s t a b i l i t y .  

The g r e a t e s t  s t a b i l i t y  w a s  
o b s e r v e d  i n  n e w l y - b o r n  a n i m a l s  
( 4 4  m i n ,  1 5  s e c  - F i g .  1). I t  
d e c r e a s e d  c o n t i n u o u s l y  f o r  a b o u t  
25 d a y s  ( 2  m i n ,  5 0  s e c ) .  F o r  
t h e  m a t u r e  c h a r a c t e r i s t i c s ,  t h e  
r e s i s t i v i t y  c h a n g e d  s u b s t a n t i a l l y  
( 3  m i n ,  7 s e c )  C 8 1 .  



B I O C H E M I C A L  CHANGES I N  THE C E N T R A L  NERVOUS 
SYSTEM CAUSED B Y  STAGNANT A N O X I A  

From t h e  b i o c h e m i c a l  p o i n t  o f  v i e w ,  t h e  f o l l o w i n g  f a c t o r s  h a v e  
a d e t e r m i n a n t  s i g n i f i c a n c e  i n  t h e  r e a c t i o n  of  t h e  n e r v e  t i s s u e  t o  
s t a g n a n t  a n o x i a  C71:  

( a )  E n e r g y  r e s e r v e s  i n  t h e  c e n t r a l  n e r v o u s  s y s t e m ,  p a r t i c u l a r 
l y  t h o s e  w h i c h  c a n  b e  u s e d  a n a e r o b i c a l l y :  t i s s u e  g l y c o g e n ,  f r e e  
g l u c o s e ,  a n d  h i g h - e n e r g y  p h o s p h a t e s .  

( b )  The i n t e n s i t y  a n d  q u a l i t y  of  t h e  m e t a b o l i s m  i n  t h e  c e n t r a l  
n e r v o u s  s y s t e m ,  ; . e .  t h e  r a p i d i t y  a n d  m a n n e r  o f  u s i n g  t h e  e n e r g y  
r e s e r v e s .  

( c )  The a c c u m u l a t i o n  o f  c a t a b o l i t e s  a n d  t h e i r  f a t e ,  i . e . ,  
c h a n g e s  i n  P h ,  i o n  c o m p o s i t i o n ,  o s m o t i c  p r e s s u r e ,  e t c .  

We s h o u l d  k e e p  i n  mind t h a t  t h e  g r e a t e s t  r e s e r v e s  o f  c a r b o 
h y d r a t e s  a r e  c o n t a i n e d  i n  t h e  b r a i n s  of n e w l y - b o r n  i n d i v i d u a l s ;  
t h e y  i n c r e a s e  r a p i d l y  f o r  t h e  f i r s t  f i v e  d a y s  o f  p o s t p a r t u m  l i f e ,  
a n d  a g a i n  i n c r e a s e  when t h e  h i g h e r  d i v i s i o n s  o f  t h e  c e n t r a l  n e r v o u s  
s y s t e m  become m a t u r e .  F o r  t h e  m a t u r e  i n d i v i d u a l s ,  t h e y  e x c e e d  t h e  / 2 5 8  
l e v e l  o f  t h e  n e w l y - b o r n  a n i m a l s  ( F i g .  2 C31. T h u s ,  t h e  d e v e l o p m e n t  
o f  r e s i s t i v i t y  i s  n o t  p a r a l l e l  t o  t h e  d e v e l o p m e n t  o f  c a r b o h y d r a t e  
r e s e r v e s .  

A c c o r d i n g  t o  i t s  i n t e n s i t y ,  t h e  e x c h a n g e  c a n  b e  c l a s s i f i e d  a s  
t h e  f o l l o w i n g :  a f u n c t i o n a l  e x c h a n g e ,  w h i c h  p r o v i d e s  t h e  e n e r g y  
f o r  t h e  f u n c t i o n i n g  o f  u n h a r m e d  ( i n t a c t )  n e r v e  t i s s u e  u n d e r  p h y s i o 
l o g i c a l  c o n d i t i o n s ;  a n  e x c h a n g e  d u r i n g  c o m p l e t e  r e s t ,  w h i c h  d o e s  
n o t  p e r f o r m  s p e c i a l  f u n c t i o n s ,  b u t  w h i c h  i s  c h a r a c t e r i z e d  by a n  

I I - . I 
1 5 12 ' 25 AD 

Age, Days Age, Days 

F i g .  2 .  P e r c e n t a g e  o f  G l y c o g e n ,  F i g .  3 .  A b s o r p t i o n  o f  G l y c i d e s  
F r e e  G l u c o s e ,  a n d  L a c t i c  A c i d  (1) a n d  F o r m a t i o n  o f  L a c t i c  
i n  t h e  R a t  B r a i n  d u r i n g  t h e  A c i d  ( 2 )  i n  t h e  B r a i n  d u r i n g  
P o s t n a t a l  P e r i o d  (1) G l y c o g e n ;  S t a g n a n t  A n o x i a .  ( C a l c u l a t i o n  
( 2 )  G l u c o s e ;  ( 3 )  L a c t i c  A c i d  for 1 min o f  A n o x i a  a n d  f o r  a 

M o i s t  W e i g h t  o f  C e r e b r a l  T i s s u e  
E q u a l  t o  1 0 0  g ) .  
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a d e q u a t e  p r o v i s i o n  of o x y g e n  a n d  n u t r i e n t  s u b s t a n c e s ;  a b a s i c  ex
c h a n g e ,  i . e .  t h e  minimum e x c h a n g e  i n t e n s i t y  n e e d e d  f o r  p r e s e r v a t i o n  ' 

of  t h e  b i o c h e m i c a l  s u p e r s t r u c t u r e  of t h e  n e u r o . n s  w i t h i n  t h e  r a n g e  
of  r e c o v e r a b i l i t y ,  when t h e  o x y g e n  i n t a k e  a n d  t h e  i n t a k e  o f  a n u t r i 
e n t  s u b s t a n c e  a r e  l i m i t e d .  

D u r i n g  t h e  b e g i n n i n g  s t a g e s  o f  d e v e l o p m e n t ,  t h e r e  i s  a d e c r e a s e  
i n  t h e  f u n c t i o n  e x c h a n g e  a n d  i n  t h e  e x c h a n g e  d u r i n g  c o m p l e t e  r e s t  
for t h e  a n i m a l ,  i n  c o m p a r i s o n  w i t h  what  t a k e s  p l a c e  i n  a d u l t  a n i m a l s  
[ 2 ] .  D u r i n g  d e v e l o p m e n t ,  t h e  i n t e n s i t y  o f  t h e  e x c h a n g e  d u r i n g  
c o m p l e t e  r e s t  f o r  t h e  a n i m a l  i n  t h e  c e n t r a l  n e r v o u s  s y s t e m  i n c r e a s e s  
r o u g h l y  t w i c e  ( F i g .  3 ) .  The r e s i s t i v i t y  t o  a n o x i a ,  h o w e v e r ,  d e 
c r e a s e s  d u r i n g  t h e  same p e r i o d  by more t h a n  1 2  t i m e s .  T h e r e f o r e ,  
t h e  i n t e n s i t y  o f  t h e  a e r o b i c  e x c h a n g e  d u r i n g  c o m p l e t e  r e s t  o f  t h e  
a n i m a l  i s  n o t  a d e t e r m i n a n t  f a c t o r  i n  t h e  r e s i s t a n c e  o f  a c c e l 
e r a t i o n s .  D u r i n g  s c h e m i a ,  t h e  s i n g l e  s o u r c e  o f  e n e r g y  f o r  t h e  /259 
c e n t r a l  n e r v o u s  s y s t e m  i s  a n a e r o b i c  g l y c o l y s i s  a n d  t h e  r e s e r v e s  o f  
h i g h - e n e r g y  p h o s p h a t e  compounds .  The i n t e n s i t y  o f  t h e  a n a e r o b i c  
g l y c o l y s i s  i n  i m m a t u r e  n e r v e  t i s s u e  i s  m e r e l y  a f r a c t i o n  o f  t h e  
e x c h a n g e  i n t e n s i t y  a t  a m a t u r e  a g e  ( F i g .  3 ) .  M o r e o v e r ,  t h e  a n a e r o 
b i c  g l y c o l y s i s  h a s  much more s i g n i f i c a n c e  f o r  t h e  s u r v i v a l  o f  i m 
m a t u r e  n e r v e  t i s s u e  t h a n  f o r  a m a t u r e  
( w i t h  t h e  a i d  o f  m o n o i o d o a c e t i c  a c i d )  
y o u n g  i n d i v i d u a l s  a l m o s t  t o  t h e  l e v e l  
t h i s  s c a r c e l y  c h a n g e s  t h e  r e s i s t a n c e  

c a l  
-3 I 

_.-. _)*./.-.-D 2 

I 
25 ADa i  5 17 Age, Days

I I 
%$q $2 12,4 346 425 

F i g .  4 .  E n e r g y  E x c h a n g e  i n  t h e  
B r a i n ,  C a l c u l a t e d  i n  C a l o r i e s  
p e r  m i n u t e  o f  A n o x i a ,  a n d  for a 
M o i s t  W e i g h t  o f  C e r e b r a l  T i s s u e  
e q u a l  t o  1 0 0  g .  (1) A e r o b i c  

t i s s u e .  I t s  e l i m i n a t i o n  
d e c r e a s e s  t h e  r e s i s t a n c e  o f  
o f  a d u l t  i n d i v i d u a l s ,  w h i l e  

i n  a d u l t  a n i m a l s  ( F i g .  4 )  1131. 

C 4sr\ 

I I +-% 
n i  5 iz 25 

Age. Days 
E x c h a n g e  i n  V i t r o ;  ( 2 )  A n a e r o b i c  
E x c h a n g e  i n  V i v o .  The Numbers F i g .  5 .  R e s i s t a n c e  t o  S t a g n a n t  
Under  Each  Age a r e  t h e  R a t i o s  A n o x i s  ( P o s i t i v e  A c c e l e r a t i o n )  
Between t h e  A e r o b i c  a n d  t h e  i n  A n i m a l s  d u r i n g  t h e  A d m i n i s -
A n a e r o b i c  E x c h a n g e s  i n  P e r c e n t - t r a t i o n  o f  M o n o i o d o a c e t i c  A c i d  
a g e s  ( A e r o b i c  E x c h a n g e  = 1 0 0 % .  (1). ( 2 )  C o n t r o l .  
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We s h o u l d  n o t e  t h a t '  t h e  a c c u m u l a t i o n  o f  l a c t i c  a c i d  a s  a p r o d 
u c t  o f  a n a e r o b i c  g l y c o l y s i s  o c c u r s  d u r i n g  i s c h e m i a  i n  a manner  w h i c h  
i s  p a r a l l e l  t o  t h e  d e c r e a s e  i n  t h e  c a r u o h y d r a t e  c o n t e n t  ( F i g .  5 ) .  
The b a l a n c e  of t h e s e  s u b s t a n c e s  i s  somewhat  n e g a t i v e  o n l y  f o r  t h e  
n e w l y - b o r n  a n i m a l s .  T h i s  i n d i c a t e s  t h a t  i m m e d i a t e l y  a f t e r  b i r t h  
t h e r e  i s  a n  a n a e r o b i c  t y p e  o f  e x c h a n g e .  T h i s  i s  a l s o  s u b s t a n t i a t e d  
b y  t h e  f a c t  t h a t  a d m i n i s t r a t i o n  o f  l a c t i c  a c i d  i n c r e a s e s  t h e  r e s i s 
t i v i t y  i n  t h e  y o u n g  i n d i v i d u a l s ,  a n d  p r a c t i c a l l y  d o e s  n o t  c h a n g e  i t  
i n  t h e  a d u l t s  C 3 1 .  

T h e r e f o r e ,  t h e  h i g h  r e s i s t a n c e  o f  t h e  i m m a t u r e  c e n t r a l  n e r v o u s  
s y s t e m  t o  i s c h e m i a  i s  c a u s e d  b y  t h e  f o l l o w i n g  f a c t o r s :  

(1) Low i n t e n s i t y  o f  t h e  f u n c t i o n a l  a n d  b a s i c  e x c h a n g e s .  

( 2 )  Low i n t e n s i t y  o f  t h e  b a s i c  a n a e r o b i c  e x c h a n g e .  

( 3 )  High c a p a c i t y  t o  u s e  a n a e r o b i c  g l y c o l y s i s  a s  a s o u r c e  of 
e n e r g y .  

( 4 )  The v a r y i n g  e f f e c t  of c a t a b o l i t e s  o f  a n  a n a e r o b i c  e x c h a n g e  
on t h e  e x c h a n g e  i n  t h e  n e r v e  t i s s u e .  

HISTOPATHOLOGICAL CHANGES I N  T H E  C E N T R A L  NERVOUS 
SYSTEM CAUSED B Y  S T A G N A N T  A N O X I A  

The n a t u r e  of t h e  s t r u c t u r a l  c h a n g e s  d e p e n d s  d i r e c t l y  on t h e  
m a t u r i t y  o f  t h e  n e r v e  t i s s u e .  V a c u o l i z a t i o n  i s  a c h a r a c t e r i s t i c  
f e a t u r e  o f  i s c h e m i c  c h a n g e s  a t  a young a g e  [l]. D u r i n g  t h e  m a t u r a 
t i o n  p e r i o d  for t h e  h i g h e r  d i v i s i o n s  o f  t h e  c e n t r a l  n e r v o u s  s y s t e m ,  
p y k n o s i s  o f  t h e  g a n g l i o n i c  c e l l s  p r e d o m i n a t e s .  D u r i n g  a f u r t h e r  
d e v e l o p m e n t  of t h e  n e u r o n s ,  t h e  p y k n o t i c  c h a n g e s  d e c r e a s e ,  a n d  
v a c u o l i z a t i o n  a g a i n  p r e d o m i n a t e s  a t  a m a t u r e  a g e .  

I n  t h e  i m m a t u r e  t i s s u e  o f  n e w l y - b o r n  a n i m a l s ,  t h e  v a c u o l i z a t i o n  
o f  t h e  c e l l s  c a n  b e  r e d u c e d  t o  a c e r t a i n  d e g r e e .  A t  a m a t u r e  a g e ,  
t h i s  l e a d s  t o  a d e c o m p o s i t i o n  o f  t h e  n e r v e  t i s s u e .  The p y k n o t i c  
c h a n g e s  c a u s e d  by i s c h e m i a  i n  t h e  y o u n g  i n d i v i d u a l s  a r e  o f t e n  
r e v e r s i b l e .  The i n t e n s i t y  o f  t h e  i s c h e m i c  s t r u c t u r a l  c h a n g e s  a n d  
t h e i r  p r o g n o s i s  must  a l w a y s  b e  e x a m i n e d  f r o m  t h e  p o i n t  o f  v i e w  o f  
t h e i r  d e v e l o p m e n t .  

REMOTE AFTEREFFECTS OF STAGNANT A N O X I A  OF T H E  
C E N T R A L  NERVOUS SYSTEM 

M a m m a l s  c an  s u r v i v e  i s c h e m i a  o f  t h e  c e n t r a l  n e r v o u s  s y s t e m  i f  
i t  l a s t s  f o r  a b r i e f e r  t i m e  i n t e r v a l  ( r e c o v e r y  t i m e )  t h a n  a l e t h a l  
e f f e c t  ( s u r v i v a l  t i m e ) .  Y o u n g e r  i n d i v i d u a l s  c a n  e n d u r e  i s c h e m i a  
of t h e  c e n t r a l  n e r v o u s  s y s t e m  i n  r e l a t i v e  a n d  a b s o l u t e  r e l a t i o n s h i p s  
f o r  a v e r y  l o n g  t i m e ,  w i t h o u t  a n y  s i g n i f i c a n t  d i s o r d e r s .  The o l d e r  
t h e  a n i m a l ,  a n d  t h e  more  d i f f e r e n t i a t e d  i t s  n e r v e  t i s s u e ,  t h e  more 
s e r i o u s  a n d  c o n s t a n t  i s  t h e  a f t e r e f f e c t  f o r  i s c h e m i a  of t h e  c e n t r a l  
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n e r v o u s  s y s t e m  ( F i g .  6 )  [ 4 ,  6 ,  9 1 .  The a f t e r e f f e c t  f o r  p r o l o n g e d  
i s c h e m i a  i n  t h e  n e w l y - b o r n  c a n  b e  r e c o v e r a b l e  t o  a g r e a t e r  d e g r e e  
t h a n  t h e  a f t e r e f f e c t  o f  a v e r y  b r i e f  i s c h e m i a  f o r  m a t u r e  i n d i v i d u a l s .  
The r e l a t i o n s h i p  b e t w e e n  t h e  d e g r e e  o f  t h e  s t r u c t u r a l  a n d  f u n c t i o n a l  
a d a p t a t i o n  i s  v e r y  c o m p l i c a t e d .  A c e r t a i n  c o m p e n s a t i o n  o f  p u r e l y  
p a t h o l o g i c a l  c h a n g e s  i n  young  i n d i v i d u a l s  i s  a c c o m p a n i e d  by c o m p l e t e  
f u n c t i o n a l  a d a p t a t i o n .  The s t r u c t u r a l  c h a n g e s  a t  t h e  b e g i n n i n g  
o f  m a t u r a t i o n  o f  t h e  h i g h e r  p a r t s  o f  t h e  c e n t r a l  n e r v o u s  s y s t e m  a r e  
r a p i d l y  a n d  i n t e n s i v e l y  c o m p e n s a t e d .  However ,  t h e y  l e a v e  c l e a r l y  
p r o n o u n c e d  a n d  c o n s t a n t  f u n c t i o n a l  d i s o r d e r s  i n  t h i s  ca se  ( F i g .  6 )  

B 

> m  
4 c
a 0  

.rl 50O P  
a o  

m l r d  
m a l
E E  
' 
K 1 3 5 12 18 25 AD K I'  3 5 12 18 25 AD 

F i g .  6 .  C o n d i t i o n a l  R e f l e x e s  t o  L-gh t  (A)  a n d  t h e i r  E x t i n c t L o n  ( B )  
i n  R a t s  w h i c h  w e r e  S u b j e c t e d  t o  S t a g n a n t  A n o x i a  o f  t h e  B r a i n  d u r i n g  
a P o s i t i v e  R a d i a l  A c c e l e r a t i o n  of  10 g ( T h e  E x p e r i m e n t s  were Conducted  
A f t e r  3 M o n t h s ) .  The Numbers Over  t h e  Columns  I n d i c a t e  t h e  D u r a t i o n  
o f  t h e  I s c h e m i a  o f  t h e  B r a i n :  K i s  t h e  C o n t r o l .  D e s i g n a t i o n s  a s  

i n  F i g u r e  1. 

ADAPTATION OF T H E  C E N T R A L  N E R V O U S  SYSTEM T O  T H E  R E P E A T E D  / 2 6 1  
E F F E C T  OF STAGNANT A N O X I A  

The r a t s  w e r e  s u b j e c t e d  t o  t h e  e f f e c t  o f  i s c h e m i a  f o r  4 2  m i n ,  
t w i c e  a d a y ,  a t  6 - h o u r  i n t e r v a l s ,  b e g i n n i n g  f r o m  t h e  f i r s t  d a y  o f  
o f  p o s t p a r t u m  l i f e .  D u r i n g  t h e  f o l l o w i n g  d a y s ,  t h e  t i m e  f o r  t h e  
e f f e c t  was n o t  made s h o r t e r ,  a n d  t h i s  p e r i o d  w a s  l o n g e r  e v e n  on  t h e  
s e c o n d  d a y  t h a n  t h e  s u r v i v a l  t i m e  for t h e  c o n t r o l  a n i m a l s .  

The m a j o r i t y  o f  t h e  a n i m a l s  d i d  n o t  e n d u r e  t h i s  e f f e c t  on  t h e  
s i x t h  d a y ,  i . e .  t h e  d u r a t i o n  o f  t h e  i s c h e m i a  e x c e e d e d  t h a t  f o r  t h e  
n o r m a l  t i m e  o f  s u r v i v a l  f o r  t h e  c o n t r o l  a n i m a l s  o f  t h e  same a g e  by 
more t h a n  t w i c e .  

On t h e  b a s i s  o f  t h e s e  s t u d i e s  a n d  o u r  o t h e r  s t u d i e s  [13], w e  
c a n  s e e  t h a t  t h e  a d a p t a t i o n  of  t h e  e x c h a n g e  i n  t h e  n e r v e  t i s s u e  a t  
t h e  c e l l u l a r  l e v e l  t o  r e p e a t e d  i s c h e m i a  i s  p o s s i b l e  d u r i n g  t h e  
p e r i o d  of  e a r l y  p o s t p a r t u m  d e v e l o p m e n t  ( F i g .  7 ) .  On ly  t h e  m e t a b o l i c  
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a d a p t i v e  p r o c e s s e s  c a n  p l a y  a r o l e  i n  t h e  d e v e l o p m e n t  o f  i s c h e m i a ,  
a n d  t h e y  a r e  p r o b a b l y  l i n k e d  w i t h  h i g h e r  e n e r g y  p o s s i b i l i t i e s  f o r  
a n a e r o b i c  g l y c o l y s i s  i n  t h e  young  n e r v e  t i s s u e  [ 4 - 6 ,  9 ,  1 2 1 .  

F A C T O R S  W H I C H  A F F E C T  T H E  R E S I S T A N C E  O F  T H E  C E N T R A L  
NERVOUS SYSTEM T O  S T A G N A N T  A N O X I A  

The r e s i s t a n c e  o f  t h e  c e n t r a l  n e r v o u s  s y s t e m  t o  i s c h e m i a  c a n  b e  
i n c r e a s e d  by  d e c r e a s i n g  t h e  i n t e n s i t y  o f  t h e  e x c h a n g e  i n  t h e  n e r v e  
t i s s u e ,  a n d  by t h e  same r e q u i r e m e n t s  f o r  o x y g e n  s u p p l y  a n d  t h e  

n u t r i e n t  s u b s t a n c e s  a n d  a n  
i n c r e a s e  i n  t h e  i n f l o w  o f  

.: "4q- z'h n u t r i e n t  s u b s t a n c e s  t o  t h e  
40- A)' 

100 n e r v e  t i s s u e  b e f o r e  i s c h e m i a  
a, l i  i // -- O\O ( I t  i s  p o s s i b l e  t h a t  t h e r e  
4 
E a r e  o t h e r  s u b s t a n c e s  w i t h  
�-l30- I f  - x  

tJ t h e s e  b i o l o g i c a l  e f f e c t s ) ./ - * r l
4 -I
rd

> 20- M z  The i n t e n s i t y  o f  t h e  e x  

-4

> c i  c h a n g e  c a n  b e  d e c r e a s e d ,  i n 
A:

- 0 p a r t i c u l a r ,  by  h y p o t h e r m i a2 10- J
2 /  

/ 

and  p h a r m a c o l o g i c a l  s u b s t a n c e s .  cn ,n----- 
.~~~ I I I Q 

D u r i n g  i s c h e m i a  o f  t h e  c e n t r a lP 

Age,  Days 

F i g .  8 .  The E f f e c t  of  C h l o r o p r o m a z i n e  a n d  P e n t o b a r b i t a l  on  t h e  Re- / 2 6 2  
s i s t a n c e  o f  t h e  B r a i n  a n d  I s c h e m i a .  ( a )  C o n t r o l ;  (b) C h l o r o p r o m a z i n e  

( c )  P e n t o b a r b i t a l  
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Age, Days 


Fig. 9. Resistance to Stagnant Anoxia of the Brain during Negative 
Radial Acceleration (1) Positive Acceleration; ( 2 )  Negative Accelera

tion. Designations as in Figure 1. 

r 

I 5 12 25 
Age, Days 

Fig. 10. The Effect of Suppressing Anaerobic Glycolysis on the / 2 6 3
Resistance to Ischemia (1) Control; ( 2 )  Hyperglycemia; (3) Chloro
promazine; (4) Malonate ( 5 )  Monoiodoacetic Acid; (6) Hyperglycemia
+ 	 Monoiodoacetic Acid; ( 7 )  Chloropromazine + Monoiodoacetic Acid; 

(8) Malonate + Monoiodoacetic Acid. 
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C h l o r o p r o m a z i n e  a n d  p e n t o b a r b i t a l  h a v e  a f a v o r a b l e  e f f e c t  on  
a n i m a l s  o f  a l l  t h e  a g e  g r o u p s  d u r i n g  i s c h e m i a .  C h l o r o p r o m a z i n e  
h a s  a g r e a t e r  e f f e c t  on  t h e  i m m a t u r e  t i s s u e s ,  a n d  p e n t o b a r b i t a l  h a s  
a g r e a t e r  e f f e c t  o n  t h e  more  d i f f e r e n t i a t e d  t i s s u e s  ( F i g .  8) Ell]. 
T h e i r  h y p o t h e r m a l  e f f e c t  i s  n o t  a d e t e r m i n a n t ,  b u t  a s e c o n d a r y  
f a c t o r .  

H y p e r g l y c e m i a  ( c a u s e d  b y  a d m i n i s t e r i n g  g l u c o s e  t o  t h e  body o f  
t h e  p a r e n t s )  i n c r e a s e s  t h e  r e s i s t i v i t y  t o  i s c h e m i a  i n  a l l  a g e  g r o u p s .  
The g r e a t e s t  e f f e c t  i s  o b s e r v e d  i n  t h e  y o u n g e s t  i n d i v i d u a l s  Ell]. 
The n e r v e  t i s s u e  i s  more  s t a b l e  d u r i n g  n e g a t i v e  a c c e l e r a t i o n  t h a n  
d u r i n g  p o s i t i v e  ( F i g .  9) C81. 

The m e c h a n i s m  f o r  t h e  p o s i t i v e  e f f e c t  o f  v a r i o u s  p r e p a r a t i o n s  
a n d  o f  h y p e r g l y c e m i a  i s  i n d e e d  d i v e r s i f i e d ,  b u t  i t  i s  c e r t a i n  t h a t  
t h e  a n a e r o b i c  g l y c o l y s i s  p l a y s  a n  i m p o r t a n t  p a r t  i n  i t .  The s u p 
p r e s s i o n  o f  t h e  a n a e r o b i c  e x c h a n g e  ( b y  means  o f  m o n o i o d o a c e t i c  a c i d )  
e l i m i n a t e s  t h e  f a v o r a b l e  e f f e c t  o f  t h e s e  f a c t o r s ,  i n  t h e  y o u n g e s t  
i n d i v i d u a l s  i n  p a r t i c u l a r  ( F i g .  10) C121. 

H a v i n g  a n a l y z e d  t h e  r e a c t i o n  o f  t h e  n e r v e  t i s s u e  t o  s t a g n a n t  
a n o x i a ,  a n d  p r o g n o s e d  a n d  s o l v e d  t h e  p r o b l e m  o f  t h e r a p y  f o r  i s c h e m i a  
o f  t h e  b r a i n ,  i t  i s  a l w a y s  n e c e s s a r y  t o  c o n s i d e r  t h e  d e g r e e  o f  
m a t u r i t y  for t h e  d e v e l o p m e n t  o f  t h e  t i s s u e  i n  t h e  c e n t r a l  n e r v o u s  
s y s t e m ,  a s  w e l l  a s  t h e  t y p e  o f  d i s o r d e r  l i n k e d  w i t h  t h e  a n o x i a .  
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X-RAY PHOTOGRAPHY OF THE HUMAN CHEST DURING ACCELEFATIOrJS 
VARYING IN MAGNITUDE AND DIRECTION 

K.I. Murakhovskiy 

A B S T R A C T :  A d e s c r i p t i o n  of t h e  x - r a y  p i c t u r e  of 
t h e  human c h e s t  i s  g i v e n  on t h e  b a s i s  of 3 6  e x 
p e r i m e n t s  f o r  t h e  e f f e c t  of t r a n s v e r s e Z y - d i r e c t e d
acce2era t ion . s  w i t h  vaZues  from 2 t o  1 2  g .  The 
e x p e r i m e n t s  were conduc ted  i n  t h e  d i r e c t i o n  of 
t h e  summary v e c t o r  f o r  t h e  a c c e Z e r a t i o n ,  a t  angZes 
of 6 S 0 ,  80° ,  and 90° from t h e  l e n g t h w i s e  a x i s  of 
t h e  s u b j e c t  ' s  body .  

On t h e  x - r a y  pho tographs  o b t a i n e d ,  t h e r e  i s  
a d e c r e a s e  i n  t h e  d i m e n s i o n s  of t h e  c h e s t ,  a d i s 
pZacement of t h e  diaphragm, c h a r a c t e r i s t i c  changes
i n  t h e  t r a n s p a r e n c y  of t h e  puZmonary a r e a s ,  and 
compZex d i s l o c a t i o n s  of t h e  h e a r t  and o t h e r  organs
of t h e  med ias t inum.  A cZear  q u a l i t a t i v e  r e l a t i o n 
s h i p  i s  e s t a b Z i s h e d  be tween  t h e  above-ment ioned  
changes  and t h e  magni tude  a n d  d i r e c t i o n  of t h e  
a c t i n g  a c c e Z e r a t i o n .  

A r a t h e r  l i m i t e d  number o f  s t u d i e s  h a v e  e x a m i n e d  x - r a y  m e t h o d s  / 2 6 4  
f o r  r e s e a r c h  u n d e r  t h e  c o n d i t i o n s  o f  p r o l o n g e d  a c c e l e r a t i o n ,  s i n c e  
t h e i r  a p p l i c a t i o n  i n v o l v e s  a l a r g e  number o f  m e t h o d o l o g i c a l  d i f f i 

. c u l t i e s  [ l o ,  1 2 - 1 5 ,  1 9 ,  2 0 3 .  

The m a t e r i a l s  p r e s e n t e d  i n  t h i s  a r t i c l e  show c e r t a i n  d a t a  on

i
t h e  q u a l i t a t i v e  a n d  q u a n t i t a t i v e  c h a n g e s  o b s e r v e d  i n  x - r a y  p h o t o 
g r a p h s  o f  t h e  human c h e s t  d u r i n g  p r o l o n g e d  a c c e l e r a t i o n s  w i t h  v a l u e s  
up t o  1 2  g ,  a c t i n g  i n  t h e  d i r e c t i o n  " b a c k - c h e s t " .  The p r i n c i p a l  
e x p e r i m e n t s  w e r e  c o n d u c t e d  for t h e  d i r e c t i o n  o f  t h e  summary v e c t o r  
of  t h e  a c c e l e r a t i o n  a t  a n g l e s  o f  65O a n d  80°  f r o m  t h e  l e n g t h w i s e  

' a x i s  o f  t h e  s u b j e c t ' s  b o d y .  A f e w  o f  t h e  e x p e r i m e n t s  w e r e  c o n d u c t e d  
..~ w i t h  a s t r i c t l y  t r a n s v e r s e  ( g o o )  d i r e c t i o n  o f  t h e  summary v e c t o r  o f  

t h e  a c c e l e r a t i o n .  T h i r t y - s i x  e x p e r i m e n t s  were  c o n d u c t e d  i n  a c e n t r i 
f u g e  w i t h  a l a r g e  r a d i u s ,  f o r  a n  a v e r a g e  r a t e  o f  i n c r e a s e  i n  t h e  
a c c e l e r a t i o n  o f  0 . 2 5  g / s e c .  

The x - r a y  p h o t o g r a p h s  w e r e  made i n  t h e  f o r m  o f  l e f t  l a t e r a l  
s u r v e y  p h o t o g r a p h s  o f  t h e  c h e s t  d u r i n g  t h e  p h a s e  o f  d e e p  ( a n d  main
t a i n e d )  i n s p i r a t i o n .  We made t w o  p h o t o g r a p h s  i n  e a c h  e x p e r i m e n t :  
t h e  f i r s t  w a s  t h e  b a c k g r o u n d  a n d  t h e  s e c o n d  w a s  d u r i n g  t h e  a c c e l e r a - / 2 6 5  
t i o n ,  a t  t h e  1 5 t h  s e c o n d  o f  f f l e v e l i n g ' f . '  I n  some c a s e s ,  w e  made 
-

' " L e v e l i n g :  i s  w h a t  w e  c a l l  t h a t  p e r i o d  o f  t h e  e x p e r i m e n t  d u r i n g  
w h i c h  a g i v e n  v a l u e  f o r  t h e  a c c e l e r a t i o n  i s  p r e s e r v e d  w i t h o u t  c h a n g e s .  
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c o n t r o l  x - r a y  p h o t o g r a p h s  d u r i n g  t h e  p e r i o d  o f  t h e  i m m e d i a t e  a f t e r 
e f f e c t s  ( d u r i n g  t h e  f i r s t  t o  f o u r t h  m i n u t e s ) .  

I n  t h e  x - r a y  p h o t o g r a p h s  o b t a i n e d ,  w e  a n a l y z e d  t h e  d e g r e e  o f  
d e p r e s s i o n  f o r  t h e  c h e s t ,  t h e ' r e s t i n g  l e v e l  for t h e  d i a p h r a g m  a n d  
t h e  c o n f i g u r a t i o n  o f  i t s  c u p u l a e ,  t h e  a r e a  o f  t h e  p u l m o n a r y  f i e l d ,  
t h e  t r a n s p a r e n c y  o f  v a r i o u s  r e g i o n s  o f  t h e  p u l m o n a r y  f i e l d  a n d  t h e  
p u l m o n a r y  d i a g r a m ,  t h e  p o s i t i o n ,  s h a p e ,  a n d  c o n t o u r  o f  t h e  c a r d i a c  
s h a d o w ,  t h e  c h a n g e s  i n  t h e  p o s i t i o n  o f  t h e  o r g a n s  i n  t h e  m e d i a s t i n u m  
- t h e  t r a c h e a ,  p u l m o n a r y  v e i n ,  a n d  a o r t i c  a r c h .  

The m e a s u r e m e n t s  o f  t h e  s a g i t t a l  d i m e n s i o n s  ( d i s t a n c e  i n  c e n t i 
m e t e r s  f r o m  t h e  i n t e r n a l  s u r f a c e  o f  t h e  s t e r n u m  t o  t h e  a n t e r i o r  
s u r f a c e  o f  t h e  t h o r a c i c  r e g i o n  o f  t h e  s p i n e )  were  c o n d u c t e d  a t  t h r e e  
l e v e l s  i n  t h e  t h o r a c i c  c a v i t y :  i n  t h e  u p p e r  t h r e e ,  a t  t h e  l e v e l  
0 3 - 0 4 ;  i n  t h e  m i d d l e  t h r e e ,  a t  t h e  l e v e l  0 6 - 0 7 ;  a n d  i n  t h e  l o w e r  
t h r e e ,  a t  t h e  l e v e l  0 9 - 0 1 0 .  A d e c r e a s e  i n  t h i s  c h a r a c t e r i s t i c  t o o k  
p l a c e  d u r i n g  a n  a c c e l e r a t i o n  o f  2 g ( F i g .  11, a n d  i n c r e a s e d  w i t h  a n  
i n c r e a s e  i n  t h e  i n e r t i a l  f o r c e s .  I n  e a c h  c a s e ,  t h e  g r e a t e s t  d e p r e s 
s i o n  w a s  o b s e r v e d  a t  t h e  0 3 - 0 4  l e v e l ,  w h i c h  becomes  u n d e r s t a n d a b l e  
when w e  c o n s i d e r  t h a t  t h e  g r e a t e s t  m o b i l i t y  o f  t h e  r i b s  i s  f o u n d  
i n  t h i s  l o w e r  r e g i o n .  M o r e o v e r ,  a n  i n c r e a s e  i n  t h e  d e p r e s s i o n  o f  
t h e  c h e s t  a t  t h e  0 9 - 0 1 0  l e v e l  o c c u r r e d  d u r i n g  a n  i n c r e a s e  i n  t h e  
a c c e l e r a t i o n  i n  r e l a t i o n  t o  a g r e a t e r  g r a d i e n t  t h a n  a t  t h e  o t h e r  
l e v e l s .  I n  t h e  e x p e r i m e n t s  f o r  t h e  s t r i c t l y  t r a n s v e r s e  d i r e c t i o n  
f o r  t h e  summary v e c t o r  o f  t h e  a c c e l e r a t i o n  ( a n g l e  o f  9 0 ° > ,  t h e  
d e p r e s s i o n  o f  t h e  c h e s t  a n d  t h e  r a t e  o f  i t s  i n c r e a s e ,  o t h e r  c o n d i 
t i o n s  b e i n g  e q u a l ,  w e r e  g r e a t e r  t h a n  f o r  a n g l e s  o f  65  and  8 0 ' .  T h u s ,  
f o r  e x a m p l e ,  f o r  a n  a c c e l e r a t i o n  o f  6 g a t  a n  a n g l e  o f  9 0 ° ,  t h e  --I/ 26  6 
s a g i t t a l  d i m e n s i o n s  d e c r e a s e d  i n  s t e p s  by  0 . 5 - 1 . 0 ;  1 . 5 - 2 . 0 ;  2 . 0 - 2 . 5  
c m ,  w h i l e ,  f o r  t h e  same 6 g a n d  a n  a n g l e  o f  65  or 8 0 ° ,  it d e c r e a s e d  
by  0 . 0 - 0 . 5 ;  1 . 0 - 1 . 5 ;  a n d  1 . 5 - 2 . 0  c m .  For a v a l u e  of t h e  a c c e l e r a 

t i o n  o f  1 2  g ,  t h e r e  w a s  t h e  same 
r e l a t i o n s h i p :  t h e  d e p r e s s i o n  o f  

1,cu 

/: 
t h e  c h e s t  i n  t h e  e x p e r i m e n t s  

40 w i t h  t h e  9 0 O - a n g l e  w e r e  e q u a l7e"e"' t o  l e v e l s  o f  1 . 5 - 2 . 0 ;  3 . 0 - 3 . 5  
a n d  4 . 0 - 4 . 5  c m ,  w h i l e ,  i n  t h e  

4 1 , , e x p e r i m e n t s  w i t h  a n g l e s  o f  65 
.2 /-.- a n d  8 0 ° ,  i t  w a s  1 . 0 - 1 . 5 ;  2 . 0 

, x / / y .  2 . 5 ;  a n d  3 . 5 - 4 . 0  c m ,  r e s p e c t i v e -
.to /:.-----dk - l y .  I n  r e l a t i o n  t o  t h i s ,  i t  

35.-
1 - - 1 - a  

w o u l d  n o t  b e  a g r e a t  m i s t a k e  t o  
U 2 4 6 8 lo 12 c o n s i d e r  t h a t  t h e  d e p r e s s i o n  o f  

A c c e l e r a t  i J n ,  g t h e  c h e s t  i n  t h e  s a g i t t a l  d i r e c 
t i o n  o c c u r s  i n  p r o p o r t i o n  t o  

F i g .  1. V a l u e  f o r  t h e  Decrease t h e  m a g n i t u d e  o f  t h e  i n e r t i a l  
i n  t h e  S a g i t t a l  D i m e n s i o n s  ( L )  f o r c e s  w h i c h  a c t  i n  a s t r i c t l y  
o f  t h e  C h e s t  d u r i n g  A c c e l e r a - p e r p e n d i c u l a r  d i r e c t i o n  t o  t h e  
t i o n s  o f  V a r y i n g  V a l u e s .  (1) l e n g t h w i s e  a x i s  o f  t h e  s u b j e c t ' s  
A n g l e  o f  90'; ( 2 )  8 0 ° ;  ( 3 )  65' b o d y .  We c a n  a l s o  a g r e e  w i t h  

t h e  i d e a  t h a t  t h e  c a u s e  o f  t h e  
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d e f o r m a t i o n  o f  t h e  c h e s t  i s  t h e  i n c r e a s e  i n  t h e  “ w e i g h t ”  of  a l l  t h e  
a n a t o m i c a l  e l e m e n t s  i n  t h e  w a l l s  o f  t h e  c h e s t  a s  a r e s u l t  o f  t h e  
a c c e l e r a t i o n s  C11. 

Tu 


-4 

---.-.-.*. 

-6 2 4 G 8 1 0 1 2  
A c c e l e r a t i o n , g  

F i g .  2 .  R e l a t i o n s h i p  Between 
t h e  R e s t i n g  L e v e l  o f  t h e  D i a 
phragm a n d  t h e  D i a p h r a g m  a n d  
t h e  M a g n i t u d e  o f  t h e  A c c e l e r a 
t i o n  f o r  V a r i o u s  A n g l e s  o f  I n 
c l i n a t i o n  o f  t h e  T r u n k  

The h e i g h t  o f  t h e  d i a p h r a g m ’ s
r e s t i n g  l e v e l  w a s  t h e  s e c o n d  
p a r a m e t e r  w e  s t u d i e d ;  t h i s  c h a r 
a c t e r i z e d  t h e  c h a n g e  i n  t h e  s h a p e  
a n d  volume o f  t h e  t h o r a c i c  c a v i t y .  
We s h o u l d  n o t e  i m m e d i a t e l y  t h a t  
t h e  c h a n g e s  i n  t h e  l e f t  a n d  r i g h t  
c u p u l a e  o f  t h e  d i a p h r a g m ,  i n  a l l  
c a s e s  o f  t h e  e f f e c t  o f  t h e  ac
c e l e r a t i o n ,  h a d  a p r i n c i p a l l y  
i d e n t i c a l  c h a r a c t e r .  The p r i n c i 
p a l  d i f f e r e n c e  w a s  n o t e d  o n l y  i n  
t h e  f a c t  t h a t  t h e  a m p l i t u d e  o f  
t h e  d i s l o c a t i o n s  f o r  t h e  r i g h t  
c u p u l a  w a s  a l w a y s  l e s s  t h a n  f o r  
t h e  l e f t .  We c a n  c o n s i d e r  t h a t  
t h e  c a u s e  f o r  t h i s  i s  t h e  g r e a t e r  
m o b i l i t y  o f  t h e  l e f t  c u p u l a  o f  
t h e  d i a p h r a g m  [ 4 ,  6 ,  9 1 .  

I n  a l l  t h e  e x p e r i m e n t s ,  we 
n o t e d  a n  i n c r e a s e  i n  t h e  r e s t i n g  
l e v e l  f o r  t h e  p o s t e r i o r  r e g i o n  
of th .e  l e f t  c u p u l a  o f  t h e  d i a 
p h r a g m ,  a n d  a n  i n c r e a s e  i n  t h e  
d e g r e e  o f  i t s  c o n v e x i t y ,  w h i c h  

c o u l d  b e  c a u s e d  by a n  i n c r e a s e  i n  t h e  i n t r a - a b d o m i n a l  p r e s s u r e  a s  
a r e s u l t  o f  t h e  d i s l o c a t i o n  o f  t h e  a n t e r i o r  a b d o m i n a l  w a l l .  T h e s e  
phenomena i n c r e a s e d  p r o g r e s s i v e l y  w i t h  a n  i n c r e a s e  i n  t h e  a c c e l e r a 
t i o n .  I n  t h e  c a s e s  when t h e  v a l u e s  f o r  t h e  a c c e l e r a t i o n s  w e r e  
i d e n t i c a l ,  t h e  g r e a t e s t  h e i g h t  f o r  t h e  r e s t i n g  l e v e l  o f  t h e  p o s t e r i o r  
r e g i o n  o f  t h e  d i a p h r a g m  a n d  i t s  g r e a t e s t  c o n v e x i t y  w e r e  n o t e d  i n  
t h e  e x p e r i m e n t s  w i t h  9 0 °  a n g l e s .  

The a n t e r i o r  r e g i o n  o f  t h e  d i a p h r a g m  t o o k  up  a l o w e r  r e s t i n g  
l e v e l  i n  m o s t  c a s e s ,  i n  c o m p a r i s o n  w i t h  t h e  o r i g i n a l ,  a n d  w a s  d e 
p r e s s e d .  On i n d i v i d u a l  x - r a y  p h o t o g r a p h s ,  t h e  s h a p e  o f  t h e  a n t e r i o r  
r e g i o n  o f  t h e  d i a p h r a g m  seemed t o  r e p e a t  t h e  c o n t o u r  o f  t h e  n e a r b y  
c a r d i a l  s h a d o w .  With  a n  i n c r e a s e  i n  t h e  a c c e l e r a t i o n ,  t h e  down- / 2 6 7  
ward  movement o f  t h e  a n t e r i o r  r e g i o n  i n c r e a s e d .  The r e l a t i o n s h i p  
b e t w e e n  t h i s  phenomenon a n d  t h e  a n g l e  o f  t h e  a c t i n g  a c c e l e r a t i o n  
h a d  a r e c o v e r a b l e  n a t u r e  i n  c o m p a r i s o n  w i t h  t h e  p o s t e r i o r  r e g i o n  
o f  t h e  d i a p h r a g m .  What w e  mean i s  t h a t ,  a l l  o t h e r  c o n d i t i o n s  b e i n g  
e q u a l ,  t h e  a n t e r i o r  r e g i o n  of  t h e  d i a p h r a g m  c h a n g e d  t o  a l e s s e r  
v a l u e  i n  t h e  e x p e r i m e n t s  w i t h  t h e  90°  a n g l e s  t h a n  i n  t h e  e x p e r i m e n t s  
w i t h  a n g l e s  o f  6 5  a n d  80°. M o r e o v e r ,  i t  w a s  n o t e d  t h a t  t h e  r e l a t i v e  
movement o f  t h e  a n t e r i o r  r e g i o n  of t h e  d i a p h r a g m  downward w a s  u s u a l l y  
l e s s  t h a n  t h e  r i s e  o f  t h e  p o s t e r i o r  r e g i o n .  The c h a n g e s  d e s c r i b e d  



F i g .  3 .  X-ray P h o t o g r a p h s  	o f  t h e  C h e s t  o f  S u b j e c t  K d u r i n g  A c c e l e r a t i o n s  o f  
Vary ing  values, Angle o f  80°. 



w e r e  c a u s e d  by t h e  d e p e n d e n c e  w h i c h  i s  i n h e r e n t ,  a s  i s  w e l l  known,  
i n  a l l  e l a s t o m e r s  ( F i g .  2 ) .  

The e v o l u t i o n  o f  t h e  a r e a  o f  t h e  p u l m o n a r y  f i e l d  w a s  a demon
s t r a t i v e  c h a r a c t e r i s t i c  o f  t h e  d e c r e a s e  i n  t h e  volume o f  t h e  c h e s t ,  
a n d  t h u s  i n  t h e  volume o f  t h e  l u n g s .  T h u s ,  i n  t h e  e x p e r i m e n t s  w i t h  
t h e  65O a n g l e s ,  t h e  a r e a  o f  t h e  p u l m o n a r y  f i e l d  d u r i n g  a c c e l e r a t i o n s  
o f  2 g w a s  97% o f  t h e  o r i g i n a l ;  f o r  4 g ,  i t  w a s  9 7 ;  f o r  6 g ,  i t  w a s  
9 4 ;  f o r  8 g ,  i t  w a s  9 3 ;  f o r  1 2  g ,  it w a s  8 7 % .  I n  t h e  e x p e r i m e n t s  
w i t h  t h e  80°  a n g l e s ,  i t  w a s  9 5 %  f o r  2 g ,  9 3  f o r  4 g ,  9 3  f o r  6 g ,  
9 1  f o r  8 g ,  a n d  7 9 %  f o r  1 2  g .  F i n a l l y ,  i n  t h e  e x p e r i m e n t s  w i t h  t h e  
90° a n g l e s ,  i t  w a s  a b o u t  90% f o r  6 g ,  7 1  f o r  8 g ,  a n d  6 5 %  for 1 2  g .  

I t  i s  w e l l  known t h a t  t h e  e f f e c t  o f  t r a n s v e r s e l y - d i r e c t e d  
a c c e l e r a t i o n s  a l . ong  t h e  a x i s  “ b a c k - c h e s t ”  h i n d e r  m a i n l y  t h e  i n s p i r a 
t i o n a l  movements  o f  t h e  c o a s t a l - m u s c u l a r  a p p a r a t u s  i n  t h e  c h e s t  [ 2 ,  
3 1 .  The r e s u l t s  o f  t h i s  s t u d y  showed i n  t h i s  r e g a r d  t h a t  t h e  c r i t i 
c a l  s i g n i f i c a n c e  o f  t h e  f u n c t i o n  o f  t h e  p r i n c i p a l  c o m p o n e n t s  o f  t h e  
b i o m e c h a n i c s  o f  t h e  a c t  o f  r e s p i r a t i o n  i s  f o u n d  i n  t h e  v a l u e  o f  t h e  
i n e r t i a l  f o r c e s  a c t i n g  p e r p e n d i c u l a r  t o  t h e  l e n g t h w i s e  a x i s  o f  t h e  
b o d y .  The i n e r t i a l  f o r c e s  i n  t h i s  d i r e c t i o n  p r e v e n t  t h e  p r i n c i p a l  
i n s p i r a t i o n a l  movements  o f  t h e  r i b s  i n  t h e  s a g i t t a l  p l a n e ,  a n d  l e a d  
t o  a s h a r p  d e f o r m a t i o n  a n d  d i s l o c a t i o n  o f  t h e  r e s t i n g  l e v e l  for t h e  
d i a p h r a g m .  

I n  a l l  t h e  c a s e s  f o r  t h e  e f f e c t  o f  a n  a c c e l e r a t i o n ,  b e g i n n i n g  
w i t h  v a l u e s  o f  2 g ,  t h e r e  w a s  a t y p i c a l  p i c t u r e  f o r  t h e  i n c r e a s e  i n  
t h e  t r a n s p a r e n c y  o f  t h e  a n t e r i o r  r e g i o n s  o f  t h e  p u l m o n a r y  f i e l d .  
T h i s  w a s  p a r t i c u l a r l y  p r o n o u n c e d  i n  t h e  r e t r o s t e r n a l  r e g i o n .  I n  
t h i s  c a s e ,  t h e r e  w a s  a l s o  a d e c r e a s e  i n  t h e  t r a n s p a r e n c y  o f  t h e  
p o s t e r i o r  r e g i o n s  o f  t h e  p u l m o n a r y  f i e l d  ( F i g .  3 ) .  

The c h a n g e s  m e n t i o n e d  p r o g r e s s e d  s i g n i f i c a n t l y  w i t h  a n  i n c r e a s e  
i n  t h e  a c c e l e r a t i o n  a l l  t h e  way t o  a n o t a b l e  c l e a r i n g  up  o f  t h e  
p u l m o n a r y  f i e l d  a n d  a c o m p l e t e  d i s a p p e a r a n c e  o f  t h e  p u l m o n a r y  d i a 
gram i n  t h e  a n t e r i o r  r e g i o n s  d u r i n g  a c c e l e r a t i o n s  on  t h e  o r d e r  o f  
8-12  g ,  a n d  a n  e q u a l l y  s h a r p  i n c r e a s e  i n  t h e  t r a n s p a r e n c y  a n d  a n  
a l m o s t  c o m p l e t e  l a c k  o f  d i f f e r e n t i a t i o n  f o r  t h e  e l e m e n t s  i n  t h e  
p u l m o n a r y  d i a g r a m  i n  t h e  p o s t e r o b a s a l  r e g i o n s ,  b e g i n n i n g  a t  v a l u e s  
o f  4-9 g .  

The p i c t u r e  d e s c r i b e d  c h a r a c t e r i z e s  p r i m a r i l y  c e r t a i n  hemo
d y n a m i c  d i s o r d e r s  i n  t h e  l e s s e r  c i r c u l a t i o n ,  l i n k e d  w i t h  t h e  r e d i s 
t r i b u t i o n  o f  t h e  b l o o d  b y  t h e  e f f e c t  o f  t r a n s v e r s e l y - d i r e c t e d  ac 
c e l e r a t i o n s  c11, 1 5 ,  1 7 1 .  M o r e o v e r ,  t h e  s t u d i e s  i n  t h e  l i t e r a t u r e  
i n d i c a t e  t h a t  t h e  a b o v e - m e n t i o n e d  c h a n g e s  i n  t h e  p o s t e r o b a s a l  
r e g i o n s  of t h e  p u l m o n a r y  f i e l d  d o  n o t  e l i m i n a t e  t h e  p r e s e n c e  o f  
t i n y  s e g m e n t s  o f  a n  a t e l e c t a t i c  d r o p  i n  t h e  p u l m o n a r y  t i s s u e  i n  
t h i s  r e g i o n  c 8 ,  1 6 ,  1 8 1 .  / 2 6 8  

H a v i n g  e v a l u a t e d  t h e  d i s o r d e r s  i n  t h e  s h a p e  o f  t h e  c h e s t  ( F i g .  
4 )  a n d  t h e  c h a r a c t e r i s t i c  c h a n g e s  i n  t h e  hemodynamics  o f  t h e  l e s s e r  
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c i r c u l a t i o n ,  w e  s h o u l d  now s p e a k  a b o u t  t h e  
e f f e c t s  o f  t h e s e  c h a n g e s  on  t h e  f u n c t i o n a l  
t i o n  s y s t e m .  U n f o r t u n a t e l y ,  t h e  e x i s t e n c e  
g r a p h  makes  i t  i m p o s s i b l e  f o r  u s  t o  g i v e  a 
t h e  d e c r e a s e  i n  t h e  a c c u m u l a t i o n  o f  a i r  i n  
d i r e c t  m e a s u r e m e n t s  o f  t h e  c h a r a c t e r i s t i c s  
t i o n ,  t a k e n  i n  our l a b o r a t o r y ,  g a v e  r a t h e r  
t h i s  r e l a t i o n s h i p  [l-31. 

d i s a d v a n t a g e o u s  a f t e r -
c a p a c i t y  o f  t h e  r e s p i r a 
o f  o n l y  o n e  l a t e r a l  p h o t o -
n u m e r i c a l  e v a l u a t i o n  o f  
t h e  l u n g s .  However ,  
f o r  t h e  e x t e r n a l  r e s p i r a 
r e l i a b l e  d a t a  r e g a r d i n g  

I n  o r d e r  t o  c a l c u l a t e  t h e  e f f e c t  o f  t h e  a c c e l e r a t i o n  on  t h e  
s h a p e ,  s i z e ,  a n d  p o s i t i o n  o f  t h e  h e a r t ,  w e  made a v i s u a l  e v a l u a t i o n  
o f  t h e  c h a n g e s  i n  t h e  c o n t o u r  a n d  d e n s i t y  o f  t h e  h e a r t  s h a d o w ,  
c o n s i d e r e d  t h e  c h a n g e s  i n  t h e  d i s t a n c e  f r o m  t h e  b a s e  o f  t h e  a r c h  o f  
t h e  a o r t a  t o  t h e  a p e x  o f  t h e  h e a r t  ( l e n g t h  o f  t h e  h e a r t ) ,  a n d  
m e a s u r e d  t h e  w i d t h  o f  t h e  r e t r o s t e r n a l  a n d  r e t r o c a r d i a l  s p a c e s .  The 
c r o s s - s e c t i o n a l  d i m e n s i o n s  o f  t h e  h e a r t  shadow c o u l d  n o t  b e  o b t a i n e d  
b e c a u s e  o f  t h e  p r o j e c t e d  s u p e r p o s i t i o n  o f  i t s  p o s t e r i o r  c o n t o u r  on  
t h e  shadow o f  t h e  d i a p h r a g m  d u r i n g  t h e  moment o f  a c c e l e r a t i o n .  I n  
mos t  o f  t h e  e x p e r i m e n t s ,  t h e r e  was a d e p r e s s i o n  o f  t h e  a n t e r i o r  
c o n t o u r  i n  t h e  h e a r t  s h a d o w ,  a n d  a p r o g r e s s i v e  d e c r e a s e  i n  i t s  
d e n s i t y  w i t h  a n  i n c r e a s e  i n  t h e  a c c e l e r a t i o n ,  w h i c h  i s  a n  i n d i r e c t  
s i g n  o f  a d e c r e a s e  i n  t h e  h y p e r e m i a  o f  t h e  c a r d i a c  c a v i t i e s .  

T h e s e  symptoms were d e t e r m i n e d  m o s t  c l e a r l y  a t  a c c e l e r a t i o n s  
w i t h  v a l u e s  on  t h e  o r d e r  o f  6 -8  g .  The d e g r e e  o f  t h e i r  i n t e n s i t y  
c o u l d  n o t  b e  d e t e r m i n e d  i n  t e r m s  o f  t h e i r  r e l a t i o n s h i p  t o  t h e  d i r e c 
t i o n  o f  t h e  t o t a l  v e c t o r  f o r  t h e  a c c e l e r a t i o n .  

F i g .  4 .  S c h e m a t i c  D iag ram o f  
Changes  i n  t h e  Human C h e s t  as  
Shown by X - r a y s  D u r i n g  t h e  E f 
f e c t  o f  a n  A c c e l e r a t i o n  o f  1 2  
g Along  t h e  “ B a c k - C h e s t ”  A x i s .  
(1) B a c k g r o u n d ;  ( 2 )  6 5 O ;  (3) 
8 0 ° ;  ( 4 )  90° 

A c o m p a r i s o n  b e t w e e n  t h e  
d i m e n s i o n s  o f  t h e  h e a r t  shadow 
d u r i n g  t h e  moment o f  t h e  e f f e c t  
a n d  i t s  d i m e n s i o n s  on t h e  b a c k 
g r o u n d  x - r a y  p h o t o g r a p h s  ( i n  t h e  
p r e s e n c e  o f  o n l y  o n e  c h a r a c t e r i s 
t i c  - t h e  l e n g t h  o f  t h e  h e a r t )  
d i d  n o t  show a n y  s i g n i f i c a n t  
c h a n g e s .  

I n  a l l  t h e  ca ses  o f  a c c e l e r a 
t i o n ,  b e g i n n i n g  w i t h  2 g ,  t h e r e  / 2 6 9  
were c l e a r  d i s o r d e r s  i n  t h e  t o p o 
g r a p h i c  r e l a t i o n s h i p  b e t w e e n  t h e  
h e a r t  a n d  t h e  s u r r o u n d i n g  o r g a n s  
i n  t h e  t h o r a c i c  c a v i t y .  O f  p r i 
mary  i m p o r t a n c e  w a s  t h e  t e n d e n c y  
o f  t h e  h e a r t  t o  move d o r s a l l y ,  
a s  r e v e a l e d  by  a n  i n c r e a s e  i n  
t h e  r e t r o s t e r n a l  s p a c e  a n d  a d e 
c r e a s e  i n  t h e  r e t r o c a r d i a l  s p a c e .  
Wi th  a n  i n c r e a s e  i n  a c c e l e r a t i o n ,  
t h e  m a g n i t u d e  o f  t h e s e  c h a n g e s  
a l s o  i n c r e a s e d .  T h u s ,  i n  t h e  
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e x p e r i m e n t s  a t  65O a n d  80° a n g l e s ,  t h e  r e t r o c a r d i a l  s p a c e  d e c r e a s e d  
w i t h  t h e  b a c k g r o u n d  e q u a l  t o  4 . 0 - 4 . 5  t o  3 . 0 - 3 . 5  c m  for 2 g ;  1 . 5 - 2 . 0  
c m  f o r  4 g ;  1 . 0 - 1 . 5  c m  f o r  6 g ;  0 . 5 - 1 . 0  c m  f o r  8 g ,  a n d  p r a c t i c a l l y  
z e r o  f o r  1 2  g .  I n  t h e  e x p e r i m e n t s  a t  90° a n g l e s ,  t h i s  d e c r e a s e  
o c c u r r e d  a t  a more  r a p i d  r a t e .  The i n c r e a s e  i n  t h e  w i d t h  o f  t h e  
r e t r o s t e r n a l  s p a c e  w i t h  t h e  i n c r e a s e  i n  t h e  a c c e l e r a t i o n  f r o m  2 t o  
1 2  g w a s  c o n f i n e d  w i t h i n  t h e  r a n g e  o f  1 . 0 - 1 . 5  c m ,  a n d  t h e  r a t e  o f  
i n c r e a s e  f o r  t h e s e  c h a n g e s  w a s  v e r y  s m a l l .  The l a t t e r  c i r c u m s t a n c e  
d e p e n d e d  on t h e  f a c t  t h a t  t h e  r e t r o g r a d e  movement o f  t h e  h e a r t  
o c c u r r e d  somewhat  s y n c h r o n o u s l y  w i t h  t h e  movement o f  t h e  a n t e r i o r  
w a l l  o f  t h e  c h e s t .  However ,  t h e r e  was n o  c o m p l e t e  p a r a l l e l i s m  i n  
t h e s e  phenomena ,  s i n c e  t h e  h e a r t ,  b e i n g  a more m o b i l e  o r g a n ,  some
w h a t  a n t i c i p a t e s  i n  i t s  movement t h e  d i s l o c a t i o n  o f  t h e  t h o r a c i c  
w a l l  by  i n e r t i a l  f o r c e s .  

On mos t  o f  t h e  x - r a y  p h o t o g r a p h s ,  t h e r e  w a s  e v i d e n c e  o f  a move
men t  o f  t h e  a p e x  o f  t h e  h e a r t  downward f r o m  t h e  o r i g i n a l  l e v e l ,  
w h i c h  i n c r e a s e d  w i t h  a n  i n c r e a s e  i n  t h e  a c c e l e r a t i o n .  The h e a r t  
f o l l o w e d  t h e  a n t e r i o r  r e g i o n  o f  t h e  d i a p h r a g m  a n d  seemed  t o  b e  i m 
b e d d e d  i n  i t .  C o r r e s p o n d i n g l y ,  i n  t h e  e x p e r i m e n t s  a t  a n g l e s  o f  65  
a n d  8 0 ° ,  t h i s  phenomenon w a s  more  p r o n o u n c e d  t h a n  i n  t h e  e x p e r i m e n t s  
a t  90° a n g l e s .  I t  i s  n e c e s s a r y  t o  m e n t i o n  h e r e  t h a t  on  a l l  t h e  
x - r a y  p h o t o g r a p h s  made d u r i n g  t h e  moment of  t h e  e f f e c t ,  t h e r e  were 
s i g n s  o f  a movement o f  t h e  v a s c u l a r  b u n d l e ,  t h e  t r a c h e a ,  a n d  t h e  
r a d i x  p u l m o n i s  i n  t h e  d i r e c t i o n  o f  t h e  e f f e c t  o f  t h e  t o t a l  v e c t o r  o f  
th .e  i n e r t i a l  f o r c e s ,  

I n  m e a s u r i n g  t h e  a n g l e  o f  i n c l i n a t i o n  o f  t h e  a n a t o m i c a l  a x i s  
o f  t h e  h e a r t  t o  t h e  h o r i z o n t a l  p l a n e  o f  t h e  b o d y ,  we d i d  n o t  f i n d  
a n y  c l e a r  r e l a t i o n s h i p .  The n u m e r i c a l  d a t a  o b t a i n e d  v a r i e d  w i t h i n  
r a t h e r  w i d e  r a n g e s ,  a n d  w e r e  n o t  v e r y  r e l i a b l e  f o r  s u c h  a s m a l l  
amount  o f  m a t e r i a l .  W e  c a n  s p e a k  o n l y  o f ’ a  g e n e r a l  t e n d e n c y  t o w a r d  
a d e c r e a s e  i n  t h i s  a n g l e  d u r i n g  t h e  e f f e c t  o f  t h e  a c c e l e r a t i o n .  

T a k i n g  a l l  t h e  a b o v e - m e n t i o n e d  d a t a  i n t o  a c c o u n t ,  w e  c a n  a s sume  
t h a t  t h e  c a u s e  f o r  t h e  a p p e a r a n c e  o f  r e t r o s t e r n a l  p a i n s  i n  some 
c a s e s  d u r i n g  s u c h  a c c e l e r a t i o n s  i s  n o t  o n l y  t h e  movement o f  t h e  
h e a r t  i t s e l f  a n d  t h e  s t r e s s  on  t h e  m e d i a s t i n a l  l i g a m e n t s  [ l 5 ] ,  b u t  
a l s o  t h e  o v e r - e x t e n s i o n  o f  t h e  p a r i e t a l  c o v e r i n g  o f  t h e  p e r i c a r d i u m .  
The l a t t e r ,  on o n e  h a n d ,  f o l l o w s  t h e  downward movement o f  t h e  a n t e 
rior r e g i o n  o f  t h e  d i a p h r a g m ,  t o  w h i c h  i t  i s  f i r m l y  a t t a c h e d ;  on  
t h e  o t h e r  h a n d ,  i t  f o l l o w s  t h e  movement o f  t h e  h e a r t  i n  t h e  d o r s a l  
d i r e c t i o n .  I t  i s  a l s o  c e r t a i n  t h a t  t h e  c h a n g e s  d e s c r i b e d  h a v e  a 
d e f i n i t e  e f f e c t  on t h e  f u n c t i o n a l  c a p a c i t y  o f  t h e  c a r d i o v a s c u l a r  
s y s t e m  C 2 ,  3 ,  5 1 .  

I n  a l l  t h e  c a s e s  o f  t h e  c o n t r o l  x - r a y s  made d u r i n g  t h e  p e r i o d  
o f  t h e  i m m e d i a t e  a f t e r e f f e c t s  (1-4m i n ) ,  we d i d  n o t  o b s e r v e  a com
p l e t e  r e c o v e r y  f r o m  t h e  i m p o s e d  c h a n g e s .  T h e r e f o r e ,  i t  e v e n  seemed  / 2 7 0  
t h a t  t h e  p u r e l y  m e c h a n i c a l  c h a r a c t e r  o f  t h e  c h a n g e  o c c u r r i n g  i n  t h e  
s u b j e c t  d u r i n g  t h e  e f f e c t  o f  t r a n s v e r s e l y - d i r e c t e d  i n e r t i a l  f o r c e s  
r e m a i n s  f o r  some t i m e  a f t e r  t h e  t e r m i n a t i o n  o f  t h e s e  f o r c e s .  
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CERTAIN CHANGES I N  THE LUNGS OF DOGS DURING THE EFFECT OF SINGLE 
AND REPEATED TRANSVERSE AKELESPTI O K  

Yu.N. K o r o l e v  

A B S T R A C T :  The Zungs of 20  maze dogs ,  s u b j e c t e d  
t o  sing7.e ( 1 2  u n i t s  f o r  1 m i n )  and r e p e a t e d
( f r o m  3 t o  1 2  u n i t s  f o r  v a r y i n g  e x p o s u r e s )  t r a n s 
v e r s e  a c c e Z e r a t i o n s  i n  t h e  n c h e s t - b a c k N  d i r e c 
t i o n  were examined .  The changes d e t e c t e d  (hemor
r h a g e s ,  infZammatory p r o c e s s e s ,  e t c . )  i n  b o t h  
s e r i e s  of e x p e r i m e n t s  have a u n i f o r m  n a t u r e ,  and 
undergo r e v e r s e  deveZopment w i t h  t i m e .  

The a c c e l e r a t i o n s  o c c u r r i n g  a s  a r e s u l t  o f  a c c e l e r a t i o n  c a n  / 2 7 1  
c a u s e  v a r i o u s  m o r p n o l o g i c a l  a n d  f u n c t i o n a l  d i s o r d e r s  i n  t h e  body 
[l, 3 ,  4 1 .  I t  h a s  b e e n  e s t a b l i s h e d  t h a t  r e s i s t a n c e  t o  a c c e l 
e r a t i o n s  i s  l i n k e d  t o  a g r e a t  d e g r e e  w i t h  t h e  c o n d i t i o n  o f  t h e  o r g a n s  
o f  r e s p i r a t i o n .  For c e r t a i n  v a l u e s  a n d  t i m e s  o f  e f f e c t ,  a c c e l 
e r a t i o n s  c a n  c a u s e  d i s o r d e r s  i n  t h e  l e s s e r  c i r c u l a t i o n  a n d  i n  t h e  
f u n c t i o n  o f  t h e  e x t e r n a l  r e s p i r a t i o n ,  w h i c h  t h e n  l e a d s  t o  t h e  a p 
p e a r a n c e  o f  d e o x y g e n a t i o n  o f  t h e  a r t e r i a l  b l o o d  a n d  d e v e l o p m e n t  o f  
h y p o x i a  i n  v a r i o u s  o r g a n s  [ 8 ] .  I n d i v i d u a l  m o r p h o l o g i c a l  d a t a  a l s o  
show a number o f  c h a n g e s  i n  t h e  v a s c u l a r  s y s t e m  o f  t h e  l u n g s  ( h e m o r 
r h a g i c  f o c i ,  e d e m a t a ,  t h r o m b o s e s  c 4 ,  9 1 ) .  

The p r o b l e m  o f  t h e  n e c e s s i t y  f o r  t r a i n i n g  a n  o r g a n i s m  i n  a 
c e n t r i f u g e  i n  o r d e r  t o  i n c r e a s e  i t s  r e s i s t a n c e  t o  a c c e l e r a t i o n s  
i s  v e r y  i m p o r t a n t .  With r e p e a t e d  a c c e l e r a t i o n s ,  t h e r e  w a s  a 
f a v o r a b l e  e f f e c t  i n  some c a s e s ,  w h i l e  t h e  a u t h o r s  h a v e  shown t h e  
d e v e l o p m e n t  o f  a c u m u l a t i v e  e f f e c t  i n  o t h e r s  [2, 6 ,  7 1 .  

The p u r p o s e  o f  t h i s  a r t i c l e  i s  t o  s t u d v  t h e  e f f e c t  o f  s i n g l e  
a n d  r e p e a t e d  a c c e l e r a t i o n s  on  t h e  l u n g s  i n  a n i m a l s ,  a n d ,  i n  
p a r t i c u l a r ,  t o  d e t e r m i n e  t h e  v a l u e  o f  r e p e a t e d  t r a i n i n g  s e s s i o n s .  

We e x a m i n e d  2 8  male  d o g s  a f t e r  t h e  e f f e c t  o f  t r a n s v e r s e  
a c c e l e r a t i o n s  i n  t h e  " c h e s t - b a c k "  d i r e c t i o n .  S i x  i n t a c t  d o g s  
s e r v e d  a s  c o n t r o l s .  

I n  S e r i e s  I o f  t h e  e x p e r i m e n t s ,  t h e  a n i m a l s  w e r e  s u b j e c t e d  t o  
a s i n g l e  e f f e c t  o f  a c c e l e r a t i o n s  * w i t h  a v a l u e  o f  1 2  u n i t s  f o r  o n e  
m i n u t e .  

I n  S e r i e s  11, t h e  a n i m a l s  were  s u b j e c t e d  t o  t h e  e f f e c t  o f  r e 
p e a t e d  a c c e l e r a t i o n s  o f  i n c r e a s i n g  v a l u e s ,  b e g i n n i n g  w i t h  3 u n i t s  
a n d  e n d i n g  w i t h  1 2  u n i t s ,  f o r  s e v e r a l  d a y s .  The t i m e  f o r  t h e i r  
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e f f e c t  v a r i e d  f o r  e a c h  v a l u e  of t h e  s t r e s s .  

We u s e d  t h e  f o l l o w i n g  e x a m i n a t i o n  m e t h o d s  i n  t h e  s t u d y :  
h e m a t o x y l i n - e o s i n ,  a z u r e  e o s i n - 1 1 ,  t h e  m e t h o d s  o f  M a l l o r y  a n d  Van 
H e i s o n ,  t h e  Tenser-Wong m e t h o d ,  a n d  t h e  S c h i c k  r e a c t i o n  w i t h  s a m p l i n g  
o f  t h e  a m y l o s e  s a l i v a .  

The d i s o r d e r s  on  t h e  p a r t  o f  t h e  v a s c u l a r  s y s t e m  were c h a r a c 
t e r i s t i c  f o r  b o t h  s e r i e s  o f  t h e  e x p e r i m e n t s  d u r i n g  t h e  e a r l y  p e r i o d s  
( 3 0  m i n ,  1 h o u r ) .  T h e r e  w a s  a s h a r p  p l e t h o r a  o f  t h e  d o r s a l  r e g i o n s  
i n  t h e  l u n g s  i n  t h e  a n i m a l s .  T h e r e  were  o f t e n  h e m o r r h a g e s  a t  t h e  
p l e u r a l  s u r f a c e  i n  t h e  p r e r a d i c a l  z o n e  a n d  on  t h e  d o r s a l  s i d e .  

M i c r o s c o p i c  e x a m i n a t i o n  a t  c e r t a i n  i n t e r v a l s  i n  t h e  d o r s a l  
r e g i o n s  o f  t h e  l u n g s  r e v e a l e d  a n  i n t e n s e  p l e t h o r a  o f  t h e  b l o o d  
v e s s e l s ,  p a r t i c u l a r l y  t h e  c a p i l l a r i e s  a n d  t h e  v e n u l e s ,  w h i c h  w a s  /272 
more  p r o n o u n c e d  i n  t h e  a n i m a l s  s u b j e c t e d  t o  t h e  r e p e a t e d  e f f e c t  o f  
a c c e l e r a t i o n s .  I n  some v e s s e l s ,  t h e  e n d o t h e l i u m  became s w o l l e n  
a n d  t h i c k e n e d ;  i n  some p l a c e s  on t h e  v a s c u l a r  w a l l ,  i t  became 
v a c u o l i z e d  a n d  s o m e t i m e s  u n d e r w e n t  d e s q u a m a t i o n .  

The p e r i v a s c u l a r  c o n n e c t i v e  t i s s u e  a p p e a r e d  l o o s e n e d  a n d  edema
t o u s .  The i n t e r a l v e o l a r  s e p t a  w e r e  t h i c k e n e d ,  o b v i o u s l y  b e c a u s e  o f  
t h e  s w e l l i n g  a n d  t h e  p l e t h o r i c  b l o o d  v e s s e l s .  The l u m i n a  o f  c e r t a i n  
a l v e o l i ,  c o n t a i n e d  a n  e d e m a t o u s  l i q u i d  a n d  d e s q u a m o u s  e p i t h e l i a l  
c e l l s  w i t h  o c c a s i o n a l  l e u c o c y t e s .  

I n  t h e  g e n e r a l  p i c t u r e  f o r  t h e  c h a n g e s ,  t h e  p r e s e n c e  o f  hemor
r h a g i c  f o c i ,  w h i c h  w e r e  o f t e n  l o c a t e d  b e n e a t h  t h e  p l e u r a ,  w a s  c h a r 
a c t e r i s t i c .  T h e i r  d i m e n s i o n s  r e a c h e d  1 . 5 - 2  c m  o n l y  i n  i s o l a t e d  
c a s e s ,  a n d  t h e  m a j o r i t y  o f  t h e  h e m o r r h a g e s  h a d  s m a l l  d i m e n s i o n s .  
The l u m i n a  o f  t h e  a l v e o l i ,  t h e  a l v e o l a r  p a t h s ,  a n d  s o m e t i m e s  t h e  
b r o n c h i o l e s  a c c u m u ' l a t e d  t h e  f o r m e d  e l e m e n t s  o f  t h e  b l o o d .  I n  t h e  
h e m o r r h a g i c  f o c i ,  t h e  b a s a l  membrane o f  t h e  e n d o t h e l i u m  i n  t h e  
c a p i l l a r i e s  w a s  t h i c k e n e d  a n d  showed a p r o n o u n c e d  S c h i c k - p o s i t i v e  
s t a i n ,  w h i c h  o b v i o u s l y  shows t h e  i n c r e a s e  i n  i t s  p e n e t r a b i l i t y .  
O b v i o u s l y ,  t h e  s m a l l  h e m o r r h a g e s  u s u a l l y  o c c u r  a l s o  a s  t h e  r e s u l t  
o f  i n c r e a s e d  p e n e t r a b i l i t y  i n  t h e  b a s a l  membrane.  A t  t h e  same t i m e ,  
v e s s e l s  w i t h  m e c h a n i c a l  i n j u r y  t o  t h e i r  w a l l s  were s o m e t i m e s  ob
s e r v e d  i n  t h e  h e m o r r h a g i c  f o c i .  The e l a s t i c  f i b e r s  a t  t h e  s i t e  o f  
t h e  d e f e c t  w e r e  t h i c k e n e d  a n d  t w i s t e d ,  a n d  w e r e  i n t e n s e l y  s t a i n e d  
by o r c e i n .  T h e s e  c h a n g e s  were c h a r a c t e r i s t i c  f o r  r u p t u r e s  o f  t h e  
e l a s t i c  f i b e r s .  T h e r e  w e r e  u s u a l l y  n o  e x t r a v a s a t e s  f o u n d  i n  t h e  
v e n t r a l  r e g i o n s  o f  t h e  o r g a n .  Many o f  t h e  empty  i n a c t i v e  c a p i l 
l a r i e s  were w i t h o u t  f o r m e d  e l e m e n t s  o f  t h e  b l o o d .  M o r e o v e r ,  t h e r e  
was a n  e x p a n s i o n  o f  t h e  a l v e o l a r  l u m i n a ,  w h i c h  i s  o b v i o u s l y  a s i g n  
o f  a n  a d a p t a t i v e  r e a c t i o n .  

I n  t h e  l u n g s  o f  t h e  a n i m a l s  w h i c h  w e r e  s u b j e c t e d  t o  t h e  r e p e a t e d  
e f f e c t  of a c c e l e r a t i o n s ,  w e  o b s e r v e d  ( a f t e r  t h e  l a s t  r o t a t i o n )  
b o t h  f r e s h  h e m o r r h a g e s  a n d  h e m o r r h a g i c  f o c i  w i t h  h e m o l y t i c  e r y t h r o 
c y t e s ,  among w h i c h  were  f o u n d  m a c r o p h a g e s  a n d  s e g m e n t a l - n u c l e a r  
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l e u c o c y t e s .  S i m i l a r  l lo ld l l  hemorrhages p r o b a b l y  o c c u r  b e f o r e  t h e  
e f f e c t  of t h e  l a s t  a c c e l e r a t i o n .  

The p l e t h o r a  o f  t h e  l u n g s  d e c r e a s e s  w i t h i n  24  h o u r s .  It i s  
e x p r e s s e d  i n  a non-uniform manner,  and u s u a l l y  i s  p r e s e r v e d  i n  cer
t a i n  segments  o f  t h e  d o r s a l  r e g i o n s  and  i n  t h e  p r e r a d i c a l  zone o f  
t h e  l u n g s .  A g a i n s t  t h e  background o f  t h e  v a s c u l a r  d i s o r d e r s ,  
a round t h i s  p e r i o d  ( b u t  ma in ly  w i t h i n  3 and 7 d a y s )  t h e r e  deve lop  
inf lammatory  p r o c e s s e s ,  whose d e g r e e  v a r i e s - a t  c e r t a i n  p o i n t s  i n  
t h e  pulmonary t i s s u e .  Wi th in  one d a y ,  t h e  in f l ammat ion  phenomena 
appea r  main ly  i n  t h e  form o f  a l e u c o c y t a l  r e a c t i o n .  The segmenta l -
n u c l e a r  l e u c o c y t e s  i n f i l t r a t e  t h e  t i s s u e  o f  t h e  i n t e r a l v e o l a r  s e p t a  
and f i l l  t h e  lumina  o f  t h e . a l v e o l i .  

Around t h e  3 -7 th  d a y s ,  t h e  i n f l a m m a t i o n s  a c q u i r e  a more p r o 
nounced c h a r a c t e r ,  and  t a k e  up a l a r g e r  area i n  t h e  pulmonary p a r e n 
chyma. The e x u d a t e  o f  s i m i l a r  f o c a l  pneumonias u s u a l l y  c o n t a i n s  an  /273 
abundant  q u a n t i t y  o f  n e u t r o p h i l i c  l e u c o c y t e s  and macrophages ( F i g .  
1). The i n t e r a l v e o l a r  s e p t a  a re  s w o l l e n ,  and t h e  b l o o d  v e s s e l s  a re  
d i l a t e d .  The lumina  o f  t h e  b r o n c h i  a re  f i l l e d  w i t h  e x u d a t e .  The 
mucous membrane i s  u s u a l l y  i n f i l t r a t e d  w i t h  l e u c o c y t e s ,  and  desquama
t i o n  of  t h e  e p i t h e l i u m  i s  o b s e r v e d  a t  s e p a r a t e  p o i n t s .  

Moreover,  i n  t h e  l u n g s  o f  t h e  a n i m a l s  which w e r e  s u b j e c t e d  t o  
t h e  r e p e a t e d  e f f e c t  o f  a c c e l e r a t i o n s  d u r i n g  t h e s e  p e r i o d s ,  t h e r e  
a re  obse rved  t i n y  f o c i  w i t h  a f i b r o b l a s t i c  phase  o f  i n f l a m m a t i o n .  
The macrophages and t h e  f i b r o b l a s t s  a t  t h e s e  p o i n t s  are l o c a t e d  i n  
t h e  i n t e r a l v e o l a r  s e p t a  and t h e  a l v e o l a r  lumina .  

F i g .  1. Pulmonary Parenchyma Wi th in  7 Days A f t e r  a S i n g l e  E f f e c t  
of A c c e l e r a t i o n s .  Pneumonia. Leukocytes  i n  t h e  Exudate  ( P r i n c i p a l 
l y  N e u t r o p h y l i a  and Macrophages) .  S t a i n i n g  w i t h  Hematoxyl in-Eosin,  

300X. 
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During t h e  f o l l o w i n g  p e r i o d s  (15 th -60 th  d a y s ) ,  a l l  changes  
undergo r e v e r s e  deve lopment ,  and  t h e  h i s t o l o g i c a l  s t r u c t u r e  o f  t h e  
l u n g s  i s  r e c o v e r e d .  A t  t h e  s a m e  t i m e ,  t h e r e  a re  obse rved  t i n y  f o c i  
o f  changed s t r u c t u r - e  a t  s e p a r a t e  p o i n t s  i n  t h e  pulmonary parenchyma. 
Thus,  t h e  m i c r o s c o p i c  l i m i t e d  f o c i  found i n  t h e  growing c o n n e c t i v e  

I 	 t i s s u e  a re  b e n e a t h  t h e  p l e u r a  i n  most cases. A t  t h e s e  p o i n t s ,  t h e  
i n t e r a l v e o l a r  s e p t a ,  and  sometimes t h e  lumina  o f  t h e  a l v e o l i ,  are  

I 	 f i l l e d  w i t h  c o l l a g e n  f i b e r s  ( F i g .  2 ) .  The e l a s t i c  f i b e r s  are 
m o s t l y  found i n  t h e  form o f  s i n g l e  f r a g m e n t s .  

I n  comparing t h e s e  s e r i e s  o f  e x p e r i m e n t s ,  w e  can  n o t e  t h a t  t h e  / 2 7 4  
f o c i  of  growth o f  t h e  c o n n e c t i v e  t i s s u e  are  v e r y  o f t e n  found i n  
a n i m a l s  which had  been  s u b j e c t e d  t o  t h e  r e p e a t e d  a c t i o n  o f  accel
e r a t i o n s .  I n  t h i s  c a s e ,  t h e  p r o d u c t i v e  p h a s e  o f  %he in f l ammat ion  
i s  obse rved  even i n  t h e  immediate  p e r i o d s ,  which shows t h e  p o s s i 
b i l i t y  o f  a ' c h a n g e  i n  t h e  l u n g s  due to t h e  e f f e c t  o f  t h e  f i r s t  
a c c e l e r a t i o n s .  

F i g .  2 .  Segment of a Lung w i t h  Expans ion  o f  t h e  C o l l a g e n  F i b e r s  i n  
t h e  I n t e r a l v e o l a r  S e p t a ,  w i t h i n  3 0  Days A f t e r  a S i n g l e  E f f e c t  o f  
A c c e l e r a t i o n .  S t a i n i n g  by t h e  Mal lo ry  Method. 300X. 

The f a c t u a l  ma-terials o b t a i n e d  show t h a t  s i n g l e  and r e p e a t e d  
s t resses  i n  a c e r t a i n  r eg ime  can c a u s e  changes  i n  t h e  l u n g s ,  i n 
v o l v i n g  t h e  v a s c u l a r  sys t em and  t h e  parenchymatous s t r u c t u r e s .  The 
obse rved  changes  are  compensated by t h e  o rgan i sm,  and undergo  re
v e r s e  development  w i t h  t i m e .  The dynamics for t h e  development  o f  
t h e  d i s o r d e r s  i n  t h e s e  two ser ies  have  d e f i n i t e  d i f f e r e n c e s  i n  re la 
t i o n  t o  t h e  fac t  t h a t  r e p e a t e d  a c c e l e r a t i o n s  c a n  c a u s e  d e f i n i t e  
changes  i n  o rgan  s t r u c t u r e  i n  b o t h  o f  them. However, t h e s e  changes  
are o f  t h e  s a m e  t y p e .  
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THE EFFECT OF TRANSVERSELY-DI RECTED ACCELERfiTIOIIS OY THE 
FUNCTION OF THE KIDNEY 

P.V. Vasil'yev, V.F. V a s i l ' y e v a ,  M . G .  Zaks,
Yu.V. N a d t o c h i n ,  a n d  M . M .  S o k o l o v a  

A B S T R A C T :  I n  e x p e r i m e n t s  on 7 dogs ,  w i t h  t h e i r  
u r e t e r s  e x t e n d e d  by t h e  L . A .  OrbeZi method,  t h e  
a u t h o r s  examined t h e  e f f e c t  of t r a n s v e r s e z y 
d i r e c t e d  s t r e s s e s  w i t h  vaZues  o f  5 ,  8 ,  and 1 2  
u n i t s  on t h e  f u n c t i o n  o f  t h e  k i d n e y s .  I t - w a s  
e s t a b Z i s h e d  t h a t ,  by t h e  e f f e c t  o f  t h e s e  acceZ
e r a t i o n s ,  t h e r e  d e v e l o p s  4 s l i g h t  o s m o t i c  d i u r e 
s i s ,  an i n c r e a s e  in t h e  e x c r e t i o n  o f  sodium and 
p o t a s s i u m ,  and c e r t a i n  o t h e r  d i v e r g e n c e s  from 
t h e  norm wh ich  have a b r i e f  d u r a t i o n .  The p o s 
s i b Z e  mechanisms f o r  t h e  changes o b s e r v e d ,  among
which  t h e  a c t i v a t i o n  o f  t h e  hypothazamic-hypo
physeaZ s y s t e m  by t h e  e f f e c t  o f  t h e  acceZera 
t i o n s  i s  of pr imary  s i g n i f i c a n c e ,  a r e  d i s c u s s e d  
in t h i s  a r t i c l e .  

D e s p i t e  t h e  l a r g e  number  o f  s t u d i e s  e x a m i n i n g  t h e  e f f e c t  o f  / 2 7 5  
a c c e l e r a t i o n s  on a n i m a l s  a n d  man, t h e r e  i s  s t i l l  p r a c t i c a l l y  no 
i n f o r m a t i o n  i n  t h e  l i t e r a t u r e  on t h e  n a t u r e  o f  t h e  c h a n g e s  i n  t h e  
f u n c t i o n  of t h e  k i d n e y s  u n d e r  t h e s e  c o n d i t i o n s .  N e v e r t h e l e s s ,  t h e  
p r a c t i c a l  p r o b l e m s  c o n c e r n i n g  t h e  p r e p a r a t i o n  a n d  s a f e t y  o f  s p a c e  
f l i g h t s  u r g e n t l y  r e q u i r e  a c o m p r e s h e n s i v e  e x a m i n a t i o n  o f  t h e  e f f e c t  
o f  a l t e r e d  g r a v i t a t i o n  on t h e  f u n c t i o n a l  c o n d i t i o n s  o f  v a r i o u s  or
g a n s  a n d  s y s t e m s .  

The p r i n c i p a l  p r o b l e m s  i n  t h i s  s t u d v  w e r e  t h e  e x a m i n a t i o n  o f  
t h e  e f f e c t  o f  a c c e l e r a t i o n s  w i t h  v a r y i n g  a v l a u e s  o n  t h e  f u n c t i o n a l  
c a p a c i t y  o f  t h e  k i d n e y s  a n d  t h e  a n a l y s i s  o f  c e r t a i n  m e c h a n i s m s  i n 
v o l v e d  i n  t h e  c h a n g e s  w h i c h  o c c u r .  

METHODS 

The s t u d i e s  were  c o n d u c t e d  on 7 d o g s  whose  u r e t e r s  were  e x t e n d e d  
a c c o r d i n g  t o  t h e  L . A .  O r b e l i  m e t h o d .  The g l o m e r u l a r  f i l t r a t i o n  w a s  
d e t e r m i n e d  by c l e a r a n c e  o f  i n u l i n  or e n d o g e n i c  c r e a t i n i n e .  The 
c h e m i c a l  a n a l y s i s  o f  t h e  c r e a t i n i n e  w a s  made a c c o r d i n g  t o  t h e  method 
o f  B o n s n e s  a n d  T o s k i  [l], a n d  t h e  i n u l i n  w a s  a n a l y z e d  b y  t h e  r e s o r c i n  
m e t h o d  [ S I .  The maximum c a p a c i t y  f o r  t h e  o s m o t i c  c o n c e n t r a t i o n  o f  
u r i n e  was e x a m i n e d  a f t e r  k e e p i n g  t h e  a n i m a l s  f r o m  w a t e r  a n d  f o o d  
f o r  1 or two d a y s ;  i n  o r d e r  t o  e v a l u a t e  t h e  w a t e r - e x c r e t o r y  f u n c t i o n  
o f  t h e  k i d n e y s ,  w e  a d m i n i s t e r e d  a n  amount  o f  w a t e r  e q u a l  t o  5 %  o f  
t h e  b o d y  w e i g h t  i n t o  t h e  s t o m a c h .  The osmolar c o n c e n t r a t i o n  o f  t h e  
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u r i n e  w a s  a n a l y z e d  b y  t h e  c r y o s c o p i c  m e t h o d  w i t h  t h e  a i d  o f  a s e m i 
c o n d u c t o r i z e d  t h e r m i s t o r  [ 2 ] .  The c o n c e n t r a t i o n  o f  s o d i u m  a n d  po
t a s s i u m  w a s  d e t e r m i n e d  on  a Z e i s s  f l a m e  p h o t o m e t e r .  The q u a n t i t a 
t i v e  e v a l u a t i o n  o f  t h e  i n d i v i d u a l  a s p e c t s  o f  k i d n e y  f u n c t i o n  w a s  
c o n d u c t e d  a c c o r d i n g  t o  f o r m u l a s  w h i c h  w e r e  b a s e d  o n  t h e  p r i n c i p a l  
o f  c l e a r a n c e  [ 4 ] .  On t h e  d a y  o f  r o t a t i o n  i n  t h e  c e n t r i f u g e ,  t h e  / 2 7 6  
u r i n e  t e s t s  were a l s o  s u b j e c t e d  t o  t h e  r e g u l a r  c l i n i c a l  a n a l y s i s .  

P a r t i c u l a r  a t t e n t i o n  i n  t h i s  e x a m i n a t i o n  w a s  g i v e n  t o  a s t u d y  
o f  t h e  o s m o r e g u l a t o r y  f u n c t i o n  o f  t h e  k i d n e y .  A number  o f  i n d i c a 
t o r s  a r e  u s u a l l y  u s e d  for q u a n t i t a t i v e  c h a r a c t e r i z a t i o n  o f  t h i s  
f u n c t i o n .  I t  i s  w e l l  known t h a t  t h e  o s m o t i c a l l y  c o n c e n t r a t e d  u r i n e  
i s  f o r m e d  f r o m  p r i m a r y  u r i n e  w h i c h  i s  i s o t o n i c  w i t h  t h e  p l a s m a  o f  
t h e  b l o o d .  The e s s e n c e  o f  t h i s  p r o c e s s  i s  t h a t  s a l t - f r e e  w a t e r  i s  
r e a b s o r b e d  f r o m  t h e  t u b u l a r  f l u i d ,  a n d  t h e  s a l t s  a n d  o t h e r  o s m o t i 
c a l l y  a c t i v e  s u b s t a n c e s  a r e  e x c r e t e d  w i t h  t h e  u r i n e .  I n  o r d e r  t o  
d e t e r m i n e  t h e  q u a n t i t y  o f  o s m o t i c a l l y  f r e e ,  " p u r e "  w a t e r  w h i c h  i s  
r e a b s o r b e d  i n  t h e  o s m o t i c  c o n c e n t r a t i o n  o f  t h e  u r i n e ,  w e  c a l c u l a t e d  
t h e  c o n d i t i o n a l  v o l u m e  o f  t h e  l i q u i d  i n  w h i c h  a l l  t h e  s u b s t a n c e s  
e x t r a c t e d  by t h e  k i d n e y  s h o u l d  b e  d i s s o l v e d .  T h i s  v a l u e  i s  c a l l e d  
t h e  o s m o l a r  c l e a r a n c e  (Cosm) a n d  i s  d e t e r m i n e d  b y  t h e  f o r m u l a  C o s m =  
(Uosm/Posm)V, w h e r e  U o s m  a n d  Posm a r e  t h e  c o n c e n t r a t i o n s  o f  o s m o t i 
c a l l y  a c t i v e  s u b s t a n c e s  i n  t h e  u r i n e  a n d  t h e  b l o o d  p l a s m a ,  r e s p e c 
t i v e l y ,  a n d  V i s  t h e  d i u r e s i s  i n  m l / m i n .  O b v i o u s l y ,  t h e  q u a n t i t y  
o f  w a t e r  w h i c h  i s  r e a b s o r b e d  i n  o n e  m i n u t e  f o r  t h e  o s m o t i c  c o n c e n 
t r a t i o n  o f  t h e  u r i n e  (T 

i n  H20
) i s  e q u a l  t o  t h e  d i f f e r e n c e  b e t w e e n  t h a t  

vo lume o f  t h e  l i q u i d  w h i c h  t h e s e  s u b s t a n c e s  s h o u l d  b e  e x c r e t e d  
w i t h  t h e  u r i n e  ( i f  t h e  i s o - o s m o t i c  s u b s t a n c e s  w e r e  l e f t  i n  t h e  p l a s 

=ma) a n d  t h e  r e a l  volume o f  t h e  e x c r e t e d  u r i n e :  T H ~ O  C o s m - V .  

The t r a n s v e r s e l y - d i r e c t e d  a c c e l e r a t i o n s  w e r e  r e p r o d u c e d  i n  
a c e n t r i f u g e  w i t h  a n  a r m  r a d i u s  o f  4 . 2  m .  D u r i n g  r o t a t i o n ,  t h e  
d o g s  w e r e  k e p t  on t h e i r  b a c k s ;  t h e  d i r e c t i o n  of t h e  a c c e l e r a t i o n s  
w a s  " c h e s t - b a c k " .  The v a l u e s  f o r  t h e  a c c e l e r a t i o n s  and  t h e  t i m e  
f o r  t h e i r  e f f e c t  were  c l o s e  t o  t h o s e  w h i c h  a r e  o f t e n  u s e d  f o r  e x 
a m i n a t i o n s  o n  human s u b j e c t s .  The r a t e  o f  i n c r e a s e  f o r  t h e  a c c e l 
e r a t i o n s  a n d  t h e  d e c e l e r a t i o n  w a s  e q u a l  t o  1 u n i t / s e c .  The r o t a 
t i o n  i n  t h e  c e n t r i f u g e  w a s  c o n t i n u e d  a t  5 u n i t s  f o r  3 m i n u t e s  a t  
" l e v e l i n g " ,  8 u n i t s  f o r  3 m i n u t e s ,  a n d  1 2  u n i t s  f o r  1 m i n u t e .  

R E S U L T S  A N D  DISCUSSION 

I n  t h e  p r e l i m i n a r y  p e r i o d ,  w e  e x a m i n e d  t h e  b a c k g r o u n d  c h a r a c 
t e r i s t i c s  o f  t h e  r e n a l  f u n c t i o n  f o r  2 h o u r s ,  a f t e r  w h i c h  w e  p r o 
d u c e d  t h e  r o t a t i o n  i n  t h e  c e n t r i f u g e .  

I n d i r e c t  E f f e c t  o f  t h e  A c c e l e r a t i o n .  A f t e r  t h e  e f f e c t  o f  
a c c e l e r a t i o n s  w i t h  v a r y i n g  i n t e n s i t y  ( 5 ,  8 ,  a n d  1 2  u n i t s ) ,  w e  
n o t e d  p r o n o u n c e d  c h a n g e s ,  o f  t h e  same t y p e  b u t  v a r y i n g  d e g r e e s ,  i n  
t h e  r e n a l  f u n c t i o n .  

For e x a m p l e ,  i m m e d i a t e l y  a f t e r  a n  a c c e l e r a t i o n  o f  1 2  u n i t s ,  
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w e  o b s e r v e d  a b r i e f  o l i g u r i a ,  a f t e r  w h i c h  t h e  d i u r e s i s  w a s  i n t e n 
s i f i e d .  U r i n a t i o n  i n c r e a s e d  s i g n i f i c a n t l y  i n  c o m p a r i s D n  w i t h  t h e  
o r i g i n a l  l e v e l  ( F i g .  11, w h i c h ,  h o w e v e r ,  w a s  l i n k e d  n e i + h e r  w i t h  
t h e  i n c r e a s e  i n  t h e  g l o m e r u l a r  f i l t r a t i o n  n o r  w i t h  t h e  i n c r e a s e  i n  / 2 7 7  
t h e  r e a b s o r p t i o n  o f  t h e  o s m o t i c a l l y  f r e e  w a t e r  ( F i g .  2 ) .  

c I F :  
-4 0 0  CE 

rl 
.ri 
r *  

F i g .  1. D i u r e s i s  (11, F i l t r a t i o n  ( 2 ) ,  a n d  t h e  
C o n c e n t r a t i o n  C h a r a c t e r i s t i c  of C r e a t i n i n e  ( 3 )  
i n  Dogs d u r i n g  A c c e l e r a t i o n s  o f  1 2  u n i t s  f o r  

1 m i n u t e .  

G2n An a n a l y s i s  o f  t h e  d a t a  o b t a i n e d  
shows t h a t  t h e  i n c r e a s e  i n  u r i n a t i o n  
o c c u r r e d  a c c o r d i n g  t o  a t y p e  o f  o s m o t i c  

40 A 	d i u r e s i s ,  a n d  w a s  c a u s e d  b y  a d e c r e a s e  
i n  t h e  r e a b s o r p t i o n  o f  o s m o t i c a l l y  
a c t i v e  s u b s t a n c e s  ( s o d i u m  a n d  p o t a s s i u m  

T i I I I I I 
s a l t s ,  e t c )  a n d  t h e i r  e x c r e t i o n  by t h e  

0 20 40 60 80 100 120 k i d n e y s  ( F i g .  3 , 4 , 5 ) .  The i n c r e a s e d  
T i m e ,  min d i u r e s i s  c o i n c i d e d  w i t h  a n  i n c r e a s e  i n  

t h e  c l e a r a n c e  o f  o s m o t i c a l l y  a c i t v e  
F i g .  2 .  R e a b s o r p t i o n  o f  s u b s t a n c e s  a n d  a n  i n t e n s i f i c a t i o n  of 
O s m o t i c a l l y  F r e e  Water t h e  s o d i u m  a n d  p o t a s s i u m  e x c r e t i o n .  
D u r i n g  A c c e l e r a t i o n .  F o r  a n  a n a l y s i s  o f  t h e  mechanism f o r  

t h e  i n c r e a s e  i n  u r i n a t i o n ,  i t  i s  v e r y  
e s s e n t i a l  t h a t  a s  t h e  d i u r e s i s  i n 

c r e a s e s ,  s o  d o e s  t h e  r e a b s o r p t i o n  f r o m  t h e  t u b u l a r  f l u i d  o f  t h e  o s 
m o t i c a l l y  f r e e  w a t e r  (THz0). T h e s e  d a t a  i n d i c a t e ,  i n  a l l  p r o b a 
b i l i t y ,  t h a t  t h e  o s m o t i c  d i u r e s i s  i s  d e v e l o p e d  a g a i n s t  t h e  b a c k 
g r o u n d  o f  a h i g h  l e v e l  o f  s e c r e t i o n  o f  t h e  h o r m o n e s  o f  t h e  p o s t e r 
i o r  l o b e  o f  t h e  p i t u i t a r y ,  a n d  t h a t  i t  i s  a c c o m p a n i e d  b y  a n  i n c r e a s e  
i n  t h e  r e a b s o r p t i o n  o f  o s m o t i c a l l y  f r e e  w a t e r .  

The e s s e n c e  o f  t h e  i n t r a r e n a l  p r o c e s s e s  u n d e r  t h e  c o n d i t i o n s  
o f  a d e v e l o p i c g  o s m o t i c  d i u r e s i s  c a n  b e  f o u n d  b y  c o m p a r i n g  t h e  
c h a n g e  i n  t h e  c o n c e n t r a t i o n  c h a r a c t e r i s t i c  o f  t h e  c r e a t i n i n e  ( f scr )  
a n d  t h e  c o n c e n t r a t i o n  c h a r a c t e r i s t i c  o f  t h e  o s m o t i c a l l y  a c t i v e  
s u b s t a n c e s  (80s.'. T h e s e  c h a r a c t e r i s t i c s  a r e  t h e  c o n c e n t r a t i o n  
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r a t i o s  b e t w e e n  t h e  s u b s t a n c e  i n  t h e ' u r i n e  b e i n g  a n a l y z e d  a n d  i t s  
c o n c e n t r a t i o n  i n  t h e  b l o o d  p l a s m a .  A c c o r d i n g  t o  t h e  c o n c e n t r a t i o n  / 2 7 8  
c h a r a c t e r i s t i c  o f  t h e  c r e a t i n i n e ,  w e  c a n  d e t e r m i n e  b y  w h a t  f a c t o r  
t h e  volume o f  t h e  f i l t r a t e  d e c r e a s e d  i n  t h e  p r o c e s s  o f  u r i n g  f o r m a 
t i o n .  S i n c e  t h e  g l o m e r u l a r  f i l t r a t i o n  d i d  n o t  c h a n g e ,  a n d  t h e  d i 
u r e s i s  i n c r e a s e d ,  t h e  c o n c e n t r a t i o n  c h a r a c t e r i s t i c  o f  t h e  c r e a t i n i n e  
d e c r e a s e d  by t h e  s a m e  f a c t o r  a s  t h e  d i u r e s i s  i n c r e a s e d .  A t  maximum 

c 
0 
-4 c 

F i g .  3 .  F i g .  4 .  

F i g .  3 .  C l e a r a n c e  o f  t h e  O s m o t i c a l l y  F r e e  S u b s t a n c e s  (1) a n d  t h e  
C o n c e n t r a t i o n  C h a r a c t e r i s t i c  o f  O s m o t i c a l l y  A c t i v e  S u b s t a n c e s  ( 2 ) .  

F i g .  4 .  C o n c e n t r a t i o n  o f  Sodium i n  t h e  U r i n e  (11, a n d  E x c r e t i o n  o f  
Sodium w i t h  t h e  U r i n e  

Cn ~ , pe q u i v / m i n$;If i  
;.z 
w 2 20 & i" i o  l h  

$ T i m e ,  min 

F i g .  5 .  E x c r e t i o n  o f  
s i u m  w i t h  t h e  U r i n e .  

t h e  e x t r a c t i o n  o f  t h e  

( 2 ) .  

d i u r e s i s ,  t h e  c o n c e n t r a t i o n  c h a r 
a c t e r i s t i c  o f  t h e  c r e a t i n i n e  d e 
c r e a s e d  f r o m  2 3 0  t o  1 1 3 ,  w h i l e  t h e  
u r i n a t i o n  i n c r e a s e d  f r o m  0 . 2 8  t o  
0 . 5 8  m l / m i n .  Very  d i f f e r e n t  r a t i o s  
w e r e  c h 7 r a c t e r i . s t i . c  f o r  t h e  $ O S m .  

A t  maximum d i u r e s i s ,  t h i s  c h a r a c 
t e r i s t i c  d e c r e a s e d  f r o m  5 . 5 3  t o  
4 . 0 0 .  The r e l a t i v e l y  s m a l l  d e 
c r e a s e  i n $ o s m  d u r i n g  t h e  s i g n i f -

P o t a s - 	 i c a n t  d e c r e a s e  i n  t h e  $cr w a s  
l i n k e d  w i t h  t h e  f a c t  t h a t  t h e  d i 
u r e s i s  w a s  c a u s e d  b y  a d e c r e a s e  i n  
t h e  r e a b s o r p t i o n  o f  t h e  s a l t s  a n d  

w a t e r  l i n k e d  o s m o t i c a l l y  w i t h  t h e m ,  w h i l e  t h e  
r e a b s o r p t i o n  of t h e  o s m o t i c a l l y  f r e e  w a t e r  w a s  m a i n t a i n e d  a t  a h i g h  
l e v e l .  T h u s ,  a l l  t h e  d a t a  p r e s e n t e d  show t h a t  o s m o t i c  d i u r e s i s ,  
a n d  n o t  w a t e r  d i u r e s i s ,  i s  p r o d u c e d  b y  t h e  e f f e c t  o f  t h e  a c c e l e r a 
t i o n s .  
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w T A B L E  1. K I D N E Y  F U N C T I O N  I N  DOGS D U R I N G  T H E  E F F E C T  OF 
0 
0 ACCELERATIONS OF V A R Y I N G  V A L U E S  

~-! A f t e r  A f t e r  
C h a r a c t e r i s t i c s  B e f o r e  S t r e s s - 1 B e t o r e  

I 
s t r e s s o f  

I B e f o r e  I A f t e r  
S t r e s s

S t r e s s  p f 5 u n i t s r S t r e s S  8 u n i t s 1  S t r e s s  12 u n i t so f  
f o r  3 minl fo r  3 m i l  

I I f o r  I min 
I I I

D i u r e s i s ,  m l / m i n  D ,06f0 ~ 0 I I 0 ,.I j l O , O 2  0,11+0,01 0,14&0,01 0;15f0,04 0,26&0,05 
P 10-05 

Sodium C o n c . ,  v g - e q u i v / m l  178f59 185547 133+11,18 215+23,2 146f35
I 

Sodium E x c r e t i o n ,  p g - e q u i v / m l  18,8&4,8 i' 23' 2&4,2 

P o t a s s i u m  C o n c . ,  p g - e q u i v / m l  

P o t a s s i u m  E x c r e t i o n , y g - e q u i v j m i n  

Conc.  C h a r a c t e r i s t i c  o f  t h e  i 3,38f0,46 2.,93&0,38 2,29+0,23 1 3,44f0,2 1,93f0,29 2,57fU,2 
O s m o t i c a l l y  A c t i v e  S u b s t a n c e s  p = 0,001 

C l e a r a n c e  o f  t h e  O s r c o t i c a l l y  ' Or25f0,06 O124f0,O3 0,44f0,1 0,62&0,08 
A c t i v e  S u b s t a n c e s ,  ml /min  0933f0!03 I 

R e a b s o r p t i o n  o f  t h e  O s m o t i c a l l y  ' 0,19&0,05 I 0,.18f0,01 0,2f0,015[ 0,28f0,021/ 0,14+0,02 Oj28&0,04
F r e e  W a t e r ,  ml /min  p =0,05 P <0,01 

Conc.  C h a r a c t e r i s t i c  o f  C r e a t i - 211&13,9 113f27 127&17 
n i n e  194514*9 I 

F i l t r a t i o n ,  mi /min  27,6&3,0 I 25,9+1,7 , 24,450,76 I 26,5f0,87 . 29&1,5 I 30,2*i,3 

N O T E :  	 A l l  t h e  c h a r a c t e r i s t i c s  w e r e  c a l c u l a t e d  f o r  o n e  k i d n e y .  We c o n s i d e r e d  t h e  d i f 
f e r e n c e s  b e t w e e n  t h e  o r i g i n a l  c h a r a c t e r i s t i c s  a n d  t h e  e f f e c t  o f  t h e  a c c e l e r a t i o n s  
t o  b e  r e l i a b l e  a t  p << 0 . 0 5 .  



R e a c t i o n  t o  A c c e l e r a t i o n s  o f  V a r i o u s  V a l u e s .  The minimum / 2 8 0  
c h a n g e s  i n  t h e  r e n a l  f u n c t i o n  a r e  o b s e r v e d  a f t e r  t h e  e f f e c t  o f  a n  
a c c e l e r a t i o n  o f  f i v e  u n i t s  f o r  3 min ( T a b l e  1). Under  t h e s e  c o n 
d i t i o n s ,  t h e r e  i s  a b r i e f  i n c r e a s e  i n  t h e  e x c r e t i o n  o f  p o t a s s i u m .  
With  t h e  e f f e c t  of  a c c e l e r a t i o n s  o f  8 a n d  1 2  u n i t s ,  t h e r e  i s  a n  
i n c r e a s e  i n  u r i n a t i o n  a n d  e x c r e t i o n  o f  p o t a s s i u m  a n d  s o d i u m ,  a n d  
r e a b s o r p t i o n  o f  o s m o t i c a l l y  f r e e  w a t e r  i n c r e a s e s  s i g n i f i c a n t l y .  The 
d i u r e t i c  r e a c t i o n  w a s  e v e n  more  p r o n o u n c e d  a f t e r  t h e  e f f e c t  o f  a n  
a c c e l e r a t i c n  o f  1 2  u n i t s .  

For a l l  t h e  a n i m a l s ,  t h e  r e n a l  f u n c t i o n  w a s  c o m p l e t e l y  n o r m a l 
i z e d  w i t h i n  a n  h o u r  a f t e r  t h e  t e r m i n a t i o n  of  r o t a t i o n  i n  a c e n t r i 
f u g e .  

The n a t u r e  o f  t h e  c h a n g e  i n  t h e  v a l u e  o f  t h e  c o n c e n t r a t i o n  
c h a r a c t e r i s t i c  of t h e  o s m o t i c a l l y  a c t i v e  s u b s t a n c e s  d e p e n d e d  o n  t h e  
o r i g i n a l  d i u r e s i s .  For t h e  a n i m a l s  whi-ch w e r e  p u t  on a d r y  d i e t  
b e f o r e  t h e  e x p e r i m e n t ,  a n d  t h u s  h a d  a h i g h  l e v e l  o f  o s m o t i c  c o n c e n 
t r a t i o n ,  t h e  i n c r e a s e  i n  t h e  o s m o t i c  d i u r e s i s  l e d  t o  a d e c r e a s e  i n  
t h e  -$osm. I n  t h o s e  c a s e s  when t h e  a n i m a l s  w e r e  g i v e n  a n o r m a l  r a t i o n  
a n d  t h e  c o n c e n t r a t i o n  c h a r a c t e r i s t i c  o f  t h e  o s m o t i c a l l y  a c t i v e  s u b 
s t a n c e s  h a d  a s m a l l  v a l u e ,  t h e  $osm i n c r e a s e d  a f t e r  t h e  e f f e c t  o f  
t h e  a c c e l e r a t i o n s .  T h i s  o b v i o u s l y  i s  r e l a - l e d  t o  t h e  d i f f e r e n c e  
i n  t h e  e f f e c t  o f  t h e  a n t i d i u r e t i c  hormone on t h e  r e a b s o r p t i o n  o f  
t h e  o s m o t i c a l l y  f r e e  w a t e r  a n d  s a l t s  d u r i n g  u n e v e n  f l o w  r a t e  f o r  
t h e  l i q u i d  by t h e  n e p h r o n .  

S t u d y  o f  t h e  W a t e r - E x c r e t o r y  F u n c t i o n  o f  t h e  K i d n e y .  For t h e  
c h a r a c t e r i s t i c  o f  t h e  o s m o r e g u l a t o r y  f u n c t i o n  o f  t h e  k i d n e y ,  w e  
c o n d u c t e d  e x p e r i m e n t s  w i t h  a w a t e r  l o a d .  On t h e  d a y  when t h e  a n i 
m a l s  u n d e r w e n t  t h e  a c c e l e v a t i o n s  i n  t h e  c e r t r i f u g e ,  o b v i o u s i v  i t  
w a s  n o t  e x p e d i e n t  t o  c o n d u c t  t h e  t e s t  w i t h  t h e  w a t e r  l o a d .  The 
e x c r e t i o n  of w a t e r  c o u l d  b e  l i m i t e d  b e c a u s e  o f  t h e  s i g n i f i c a n t  b a c k 
g r o u n d  a c t i v i t y  o f  t h e  a n t i d i u r e t i c  hormone  i n  t h e  h l o o d  p l a s m a  
T h e r e f o r e ,  t h e  w a t e r - e x c r e t o r y  f u n c t i o n  of  t h e  k i d n e y  w a s  e x a m i n e d  
t h e  d a y  b e f o r e  t h e  a c c e l e r a t i o n  a n d  t h e  d a y  a f t e r  t h e  r o t a t i o n  
i n  t h e  c e n t r i f u g e .  

On t h e  b a s i s  o f  t h e  d a t a  o b t a i n e d  ( w h i c h  a r e  g i v e n  i n  T a b l e  
2 ) ,  w e  c a n  c o n c l u d e  t h a t  n o n e  of  t h e  i m p o s e d  a c c e l e r a t i o n s  
c h a n g e d  t h e  c a p a c i t y  o f  t h e  k i d n e y s  t o  e x c r e t e  t h e  w a t e r  l o a d ;  t h e  
r e n a l  f u n c t i o n  i s  n o t  d i s t u r b e d  b y  t h e  h y p o t o n i z a t i o n  o f  t h e  u r i n e ,  
n o r  a r e  t h e  r e a b s o r p t i o n  o f  s o d i u m  a n d  p o t a s s i u m  f r o m  i t ,  a n d  o t h e r  
c h a r a c t e r i s t i c s  o f  t h e  r e n a l  f u n c t i o n .  

C l i n i c a l  A n a l y s i s  o f  t h e  U r i n e .  D u r i n g  t h e  p e r i o d  p r e c e d i n g  
t h e  a c c e l e r a t i o n s ,  t h e r e  w e r e  no p r o t e i n s  i n  t h e  u r i n e .  I n  t h e  
u r i n e  t e s t s  t a k e n  i m m e d i a t e l y  a f t e r  t h e  r o t a t i o n  i n  t h e  c e n t r i f u g e ,  
p r o t e i n s  were  f o u n d  i n  a l l  t h e  d o g s .  However ,  t h e  amount  o f  p r o -
t w i n s  ( a c c o r d i n g  t o  R o b e r t s - S t o l ’ n i k o v )  d i d  n o t  e x c e e d  0 . 1 3 % .  
W i t h i n  2 h o u r s ,  t h e  p r o t e i n s  d i s a p p e a r e d  or were  f o u n d  o n l y  i n  
t r a c e s  ( 0 . 0 3 3 % ) ;  on  t h e  f o l l o w i n g  d a y ,  we c o u l d  n o t  f i n d  a n y  p r o t e i n s  
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i n  t h e  u r i n e .  D u r i n g  a r e p e a t e d  a c c e l e r a t i o n ,  t h e  p r o t e i n s  a p - / 2 8 1  
p e a r e d  a g a i n  i n  t h e  same q u a n t i t i e s  a n d  j u s t  a s  b r i e f l y .  I n  t h e  
u r i n a r y  s e d i m e n t ,  t h e r e  were  o b s e r v e d  o n l y  s i n g l e  l e u c o c y t e s ,  e p i 
t h e l i a l  c e l l s  of t h e  u r i n a r y  t r a c t s ,  a n d  f r e s h  n o n - l i x i v i a t e d  e r y t h 
r o c y t e s .  The a p p e a r a n c e  o f  t h e  e r y t h r o c y t e s ,  o b v i o u s l y ,  c a n  b e  e x 
p l a i n e d  b y  m i l d  m e c h a n i c a l  i n j u r i e s  of t h e  m u c o s a  s u r r o u n d i n g  t h e  
o p e n i n g s  o f  t h e  e x p l a n t e d  u r e t e r s .  

T A B L E  2 .  W A T E R - E X C R E T O R Y  FUNCTION OF T H E  K I D N E Y  I N  DOGS D U R I N G  
A C C E L E R A T I O N S  OF VARIOUS VALUES 

C h a r a c t e r i s t i c s  

P e r c e n t a g e  o f  E x c r e t i o n  o f  t h e  
W a t e r  Load i n  6 0  m i n .  

N a  Conc.  i n  t h e  U r i n e  a t  H e i g h t  o f  
D i u r e s i s  , p - e q u i v / l  

Minimum V a l u e  f o r  t h e  C o n c .  C h a r a c 
t e r i s t i c  o f  t h e  O s m o t i c a l l y  A c t i v e  
S u b s t a n c e s ,  a r b i t r a r y  u n i t s  

C l e a r a n c e  o f  t h e  O s m o t i c a l l y  F r e e  
Water a t  t h e  H e i g h t  o f  D i u r e s i s ,  
m l / m i n  

~ ---r - .  -.  

Norm 5 u n i t  8 u n i t  
. 

27.1 f3 ,8  23,4&6,6 47,6&10,9 
P >O, l  P>O,I 

9 , 2 f l , 9  13,3f5,8 3,35f0,44 
P>O,I P>O,I 

0,26f0,02 0,3if0,05 0,17&0,02 
P>O,I P <0,02 

2,92f0,19 1,81+0,35 2,9*0,44 
P>O,I  P>O,I 

N O T E :  	 A l l  t h e  c h a r a c t e r i s t i c s  were  c a l c u l a t e d  f o r  o n e  k i d n e y ;  
p w a s  c a l c u l a t e d  b y  i t s  r e l a t i o n s h i p  t o  t h e  norm. 

CONCLUSION 

Under  t h e  i n f l u e n c e  of a c c e l e r a t i o n s  a t  t h e  v a l u e s  
t h e  c h a n g e s  i n  t h e  r e n a l  f u n c t i o n  h a d  a b r i e f  n a t u r e  a n d  w e r e  n o t  
f o u n d  w i t h i n  s e v e r a l  h o u r s  a f t e r  t h e  s t r e s s e s .  An a n a l y s i s  o f  t h e  
r e s u l t s  o b t a i n e d  a l l o w s  u s  t o  a s s u m e  t h a t  t h e  c h a n g e s  w h i c h  o c c u r  < 

( s l i g h t  o s m o t i c  d i u r e s i s ,  i n c r e a s e  i n  t h e  e x c r e t i o n  o f  s o d i u m  a n d  
p o t a s s i u m )  a r e  r e l a t e d  n o t  t o  m e c h a n i c a l  or o t h e r  i n d i r e c t  e f f e c t s  
on  t h e  k i d n e y ,  b u t  t o  t h e  n e u r o - h o r m o n i c  e f f e c t s ,  i n  p a r t i c u l a r  t o  
t h e  a c t i v a t i o n  o f  t h e  h y p o t h a l a m i c - h y p o p h y s e a l  s y s t e m .  We h a v e  
good r e a s o n  t o  a s s u m e  t h a t  t h e  i m p o s e d  a c c e l e r a t i o n s  a r e  n o t  
r e l a t e d  t o  a n y  s i g n i f i c a n t  c h a n g e s  i n  t h e  f u n c t i o n  o f  t h e  k i d n e y s .  
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MORPHOLOGICAL CHANGES I N  THE KIDNEYS OF DOGS AFFECTED BY 
SINGLE TRANSVERSE ACCELERATIOMS 

V . V .  Koro lev  

A B S T R A C T :  W i t h  t h e  a i d  of h i s t o Z o g i c a Z  and h i s 
toehemica2  me thods ,  s t u d i e s  were conduc ted  on  
t h e  changes  i n  t h e  k i d n e y s  of maze dogs ,  occur
r i n g  a s  a r e s u Z t  of t h e  s ingZe  e f f e c t  o f  t rnns
v e r s e  a c c e l e r a t i o n s  w i t h  a vaZ-ue of 8 u n i t s  
for 3 m i n .  The morphoZogicaZ changes  found  
d u r i n g  t h e  i n i t i a Z  p e r i o d s  had t h e  f o r m  of d i s 
o r d e r s  i n  t h e  i n t r a r e n a l  bZood f t o w ,  t h e  ap 
pearance  of smaZZ hemorrhagic  foci, and t h e  de
veZopment of h y p o x i a  o f  t h e  r e n a l  t i s s u e s .  
These  d i s o r d e r s  c o i n c i d e d  w i t h  t h e  appearance
of d y s t r o p h i c  changes  i n  t h e  e p i t h e Z i a Z  ceZZs 
of t h e  r e n a l  t u b u Z e s .  The dynamics  of t h e s e  
morphoZogicaZ changes ,  a s  e x p r e s s e d  i n  t h e i r  
r e v e r s e  deveZopment d u r i n g  Za ter  p e r i o d s  a f t e r  
t h e  e x p e r i m e n t ,  show t h a t  t h e s e  d i s o r d e r s  have 
a recoverabZe  n a t u r e .  

The i n f o r m a t i o n  a v a i l a b l e  i n  t h e  l i t e r a t u r e  c o n c e r n i n g  t h e  /282 
e f f e c t  of a c c e l e r a t i o n s  o n  t h e  k i d n e y s  a n d  t h e  e x c r e t o r y  s y s t e m  
i s ,  on t h e  w h o l e ,  v e r y  l i m i t e d .  T h u s ,  S e n e l y a r  a n d  o t h e r  a u t h o r s ,  
s t u d y i n g  t h e  e f f e c t  o f  a c c e l e r a t i o n s  w i t h  s m a l l  v a l u e s  ( 2 . 5  
u n i t s )  a n d  d u r a t i o n s  on  t h e  k i d n e y s  o f  d o g s ,  n o t e d  p r i n c i p a l l y  v a s 
c u l a r  c h a n g e s  w h i c h  c o n s i s t e d  i n  a s i g n i f i c a n t  p l e t h o r a  o f  t h e  
g l o m e r u l i ,  a n  e x p a n s i o n  o f  t h e  p e r i t u b u l a r  c a p i l l a r i e s ,  a n d  a v e n o u s  
p l e t h o r a  ( a l l  t h e  way t o  a r u p t u r e  o f  t h e  v e n u l a r  w a l l ) .  The c h a n g e s  
i n  t h e  t u b u l a r  c e l l s  r e s u l t s  i n  a d i s a p p e a r a n c e  o f  t h e  t u f t s  a n d  
t h e  a p p e a r a n c e  o f  g r a n u l a r  c y l i n d e r s  i n  t h e  l u m i n a  o f  t h e  t u b u l e s .  
However ,  t h e s e  c h a n g e s  w e r e  d e s c r i b e d  f o r  a n  e x p e r i m e n t  on  o n l y  o n e  
a n i m a l .  

I n  a n o t h e r  a r t i c l e ,  S e n e l y a r  a n d  L e b ' y e r  d e s c r i b e d  t h e  c h a n g e s  
i n  t h e  k i d n e y s  o f  d o g s  w h i c h  h a d  b e e n  s u b j e c t e d  t o  p o s i t i v e  a c c e l 
e r a t i o n s  o f  2 . 5  u n i t s  l a s t i n g  g e n e r a l l y  f r o m  1 0  t o  6 0  h o u r s .  I n  
a n i m a l s  w h i c h  were  e x a m i n e d  w i t h i n  2 d a y s  a f t e r  t h e  e x p e r i m e n t ,  
t h e y  f o u n d  s i g n i f i c a n t  c a p i l l a r y  a n d  v e n o u s  h y p e r e m i a ,  i n t e r s t i t i a l  
h e m o r r h a g e s ,  a n d  d i s o r d e r s  i n  t h e  l o w e r  p a r t  o f  t h e  n e p h r o n .  I n  a 
d o g  w h i c h  w a s  e x a m i n e d  t h r e e  m o n t h s  a f t e r  t h e  e x p e r i m e n t ,  t h e y  
f o u n d  i n t e r s t i t i a l  a n d  g l o m e r u l a r  s c l e r o s i s  a n d  i n t e n s e  d e g e n e r a 
t i v e  d i s o r d e r s  i n  t h e  t u b u l e s  o f  t h e  n e p h r o n .  The a u t h o r s  c o n s i d 
e r e d  t h a t  t h e  t o t a l  o f  t h e  e f f e c t s  f r o m  t h e  r o t a t i o n  i n  t h e  c e n 
t r i f u g e  l e d  t o  a p r o g r e s s i v e  d i s o r d e r  i n  t h e  n e u r o v a s c u l a r  t o n u s ,  

30 3 



a n d  t o  a g r a d u a l  c o n d i t i o n  of p a s s i v e  i n c r e a s e d  h y p e r e m i a ,  c a u s e d  
b y  s c l e r o t i c  a n d  d e g e n e r a t i v e  c h a n g e s  i n  t h e  t u b u l e s  o f  t h e  n e p h r o n .  
However ,  t h e s e  d a t a ,  a l s o ,  were o b t a i n e d  f o r  a s m a l l  number  o f  
a n i m a l s ,  a n d  d u r i n g  t h e  e f f e c t  of a c c e l e r a t i o n s  w h i c h  were  s m a l l  
i n  v a l u e .  

T h e r e  a r e  i n d i c a t i o n s  t h a t  a c c e l e r a t i o n s  c a u s e  c h a n g e s  i n  / 2 8 3  
c e r t a i n  p h y s i o l o g i c a l  a n d  b i o c h e m i c a l  c h a r a c t e r i s t i c s  o f  t h e  r e n a l  
c o n d i t i o n .  S l o n i m  showed t h a t ,  i n  p h y s i c a l l y  s t r o n g  men s u b j e c t e d  
t o  " f a t i g u i n g "  a c c e l e r a t i o n s  i n  t h e  " c h e s t - b a c k "  d i r e c t i o n ,  t h e r e  
i s  a n  i n c r e a s e  i n  t h e  m i n u t e  volume o f  t h e  u r i n e  ( f r o m  0 . 7  t u  1 . 9 5  
m l / m i n )  a n d  t h e  r a t e  o f  g l o m e r u l a r  f i l t r a t i o n  ( f r o m  8 5 . 4  t o  1 5 7  
m l / m i n ) .  The r a t e  of e x c r e t i o n  o f  t h e  c r e a t i n i n e  i n c r e a s e s  s i m u l 
t a n e o u s l y  ( f r o m  0 . 5 7  t o  1 . 3 4  m g / m i n ) ,  w h i l e  i t s  . p e r c e n t a g e  i n  t h e  
b l o o d  i n c r e a s e s .  

The p u r p o s e  o f  t h i s  s t u d y  i s  t o  e x a m i n e  t h e  m o r p h o l o g i c a l  
c h a n g e s  i n  t h e  k i d n e y s  o f  d o g s  w h i c h  w e r e  s u b j e c t e d  t o  t h e  s i n g l e  
e f f e c t  o f  a c c e l e r a t i o n s .  

The e x p e r i m e n t s  w e r e  c o n d u c t e d  on 1 4  d o g s ,  f o r  s i n g l e  acce1.
e r a t i o n s  o f  8 u n i t s  f o r  3 m i n u t e s  i n  t h e  " c h e s t - b a c k "  d i r e c t i o n .  
The a n i m a l s  w e r e  k i l l e d  b y  e t h e r  w i t h i n  1 h o u r ,  a n d  1, 3 ,  7 ,  1 5 ,  
3 0 ,  a n d  6 0  d a y s  a f t e r  t h e  e x p e r i m e n t  w a s  c o n d u c t e d .  The m a t e r i a l s  
w e r e  f i x e d  i n  a 1 0 % - n e u t r a l  f o r m a l i n  s o l u t i o n ,  C a r n o t  f l u i d ,  a n d  
Z e n k e r  f o r m o l  b y  t h e  Maksimov m e t h o d ,  a n d  m o u n t e d  i n  p a r a f f i n  or 
c e l l o i d i n .  The s e c t i o n s ,  w i t h  a t h i c k n e s s  o f  5 p ,  were  s t a i n e d  
w i t h  a z u r e  1 1 - e o s i n ,  h e m a t o x y l i n - e o s i n  a n d  b y  t h e  M a l l o r y  m e t h o d ;  
we s t u d i e d  t h e  h i s t o c h e m i c a l  r e a c t i o n s  f o r  r i b o n u c l e i c  a c i d  ac 
c o r d i n g  t o  B r a s h ,  f o r  m u c o p o l y s a c c h a r i d e s  ( P A S - r e a c t i o n ) ,  a n d  f o r  
f a t - S u d a n  111. We a l s o  s t u d i e d  4 c o n t r o l  a n i m a l s .  

I n t r a r e n a l  B l o o d  C i r c u l a t i o n .  W i t h i n  1 h o u r  a f t e r  t h e  e f f e c t  
of t h e  a c c e l e r a t i o n s ,  we o b s e r v e d  m a c r o s c o p i c a l l y  p r o n o u n c e d  
p l e t h o r a s  o f  b o t h  k i d n e y s .  A s i g n i f i c a n t  d i l a t i o n  o f  t h e  c a p i l l a r 
i e s  i n  t h e  M a l p i g h i a n  c o r p u s c l e s ,  o f  t h e  p e r i g l o m e r u l a r  a n d  p e r i 
t u b u l a r  c a p i l l a r i e s ,  t h e  a r t e r i o l e s  a n d  t h e  v e n u l e s ,  a n d  o f  t h e  
m i n u t e  v e i n s  i n  t h e  c o r t e x  a n d  m e d u l l a  o f  t h e  k i d n e y s ,  c a n  b e  d e 
t e r m i n e d  m i c r o s c o p i c a l l y .  The b a s a l  membranes o f  t h e  g l o m e r u l a r  
c a p i l l a r i e s  h a v e  a n  i n t e n s i v e  s c h i c k - p o s i t i v e  r e a c t i o n .  The c h a n g e s  
a r e  p a r t i c u l a r l y  i n t e n s e  i n  t h e  j u x t a m e d u l l a r y  z o n e  o f  t h e  k i d n e y .  
I n  a d d i t i o n  t o  h y p e r e m i a  o f  t h e  c o r t e x  a n d  m e d u l l a ,  t h e r e  a r e  t i n y  
h e m o r r h a g i c  f o c i  a r o u n d  t h e  r e n a l  p a r e n c h y m a ,  w h i c h  a r e  m o s t  f r e 
q u e n t l y  f o u n d  i n  t h e  r e g i o n  o f  t h e  v a s c u l a r  p o l e s  o f  t h e  g l o m e r u l i  
a n d  b e t w e e n  t h e  t u b u l e s .  I n  a d d i t i o n  t o  t h e s e  h e m o r r h a g e s ,  t h e r e .  
a r e  s i g n s  o f  d i a p e d e s i c  b l e e d i n g  i n  t h e  c a v i t y  o f  t h e  S h u m l y a n s k i y  
c a p s u l e ,  w h i c h  a r e  shown b y  t h e  f r e s h  e r y t h r o c y t e s  f o u n d  i n  them as  
w e l l  a s  i n  t h e  t u b u l a r  lumen o f  t h e  n e p h r o n s .  

The n a t u r e  o f  t h e  h y p e r e m i a  i n  t h e  c o r t e x  a n d  m e d u l l a  o f  t h e  
k i d n e y s  a f t e r  o n e  d a y  d i d  n o t  d i f f e r b a s i c a l l y  f r o m  t h a t  d e s c r i b e d  
a b o v e .  We s h o u l d  n o t e ,  h o w e v e r ,  t h a t  t h e  h y p e r e m i a  o f  t h e  c a p i l l a r i e s  
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i n  t h e  v a s c u l a r  g l o m e r u l i  o f  t h e  k i d n e y s  w a s  more i n t e n s e  a round  
t h i s  t i m e ;  t h e y  sometimes expanded a n e u r y s m a l l y ,  and  t h e i r  lum'ina . 
were c o m p l e t e l y  f i l l e d  w i t h  formed e l emen t s  o f  t h e  b l o o d .  -The most 
pronounced p l e t h o r a  w a s  m a i n t a i n e d  i n  t h e  c a p i l l a r i e s  o f  t h e  g l o 
m e r u l i  i n  t h e  j u x t a m e d u l l a r y  zone ,  which p r o b a b l y  i s  l i n k e d  w i t h  t h e  
i n c l u s i o n  of  t h e  j u x t a m e d u l l a r y  c o l l a t e r a l  b l o o d  f l o w  ( F i g .  1). 

/ 2 8 4  

F i g .  1. Aneurysmal Expans ion  o f  t h e  C a p i l l a r y  Lumen o f  t h e  V a s c u l a r  
Glomerulus  i n  +he J u x t a m e d u l l a r y  Zone o f  t h e  Kidney,  One Day A f t e r  
t h e  E f f e c t  of A c c e l e r a t F o n s .  Sch ick -Reac t ion .  Enlargement:600 x .  

F i g .  2 .  Th icken ing  and  Loosening  o f  t h e  S u b e n d o t h e l i a l  Layer  o f  
t h e  I n t i m a  and  F a t t y  I n f i l t r a t i o n  o f  t h e  Tun ica  Media i n  t h e  Vascu
l a r  W a l l  o f  t h e  Kidney,  Three  Days A f t e r  A c c e l e r a t i o n .  Sudan 111. 
Enlargement :  6 0 0  x. 
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By t h e  t h i r d  d a y ,  h e m o r r h a g e s  a r e  n o  l o n g e r  o b s e r v e d ,  a n d  t h e  / 2 8 5  
h y p e r e m i a  o f  t h e  c o r t e x  a n d  m e d u l l a  i s  i n s i g n i f i c a n t .  D u r i n g  t h i s  
p e r i o d ,  t h e r e  a r e  d y s t r o p h i c  c h a n g e s  i n  t h e  w a l l s  o f  c e r t a i n  v e s s e l s  
i n  many cases :  s w e l l i n g  a n d  d e s t r u c t i o n  o f  t h e  e n d o t h e l i a l  c e l l s ,  
t h i c k e n i n g  a n d  l o o s e n i n g  o f  t h e  s u b e n d o t h e l i a l  l a y e r ,  a n d  i n f i l t r a 
t i o n  o f  t h e  t u n i c a  m e d i a  o f  t h e  v e s s e l  w i t h  l i p i d s  ( F i g .  2 ) .  

On t h e  s e v e n t h  d a y ,  t h e r e  i s  s t i l l  a n  i n s i g n i f i c a n t  e x p a n s i o n  
a n d  p l e t h o r a  o f  t h e  c a p i l l a r i e s  i n  t h e  v a s c u l a r  g l o m e r u l i  a n d  i n  
t h e  p e r i t u b u l a r  c a p i l l a r i e s .  The d y s t r o p h i c  c h a n g e s  a r e  a l s o  ob
s e r v e d  i n  t h e  w a l l s  o f  t h e  v e s s e l s ,  b u t  t h e y  a r e  more  p r o n o u n c e d  a t  
t h e  c a p i l l a r y  l e v e l .  T h e s e  d i s o r d e r s  l e a d  t o  s i n g l e  ca ses  o f  l i p o i d  
d i s t r o p h y  i n  t h e  e n d o t h e l i u m  o f  t h e  v a s c u l a r  g l o m e r u l i ,  m a i n l y  i n  
t h e  j u x t a m e d u l l a r y  n e p h r o n s .  

D u r i n g  t h e  f o l l o w i n g  p e r i o d s  ( o n  t h e  1 5 t h ,  3 0 t h ,  a n d  6 0 t h  d a y s ) ,  
t h e  h y p e r e m i a s  o f  t h e  v e s s e l s  i n  t h e  c o r t i c a l  a n d  m e d u l l a r y  s u b 
s t a n c e  o f  t h e  k i d n e y s  a r e  t h e  same a s  i n  t h e  c o n t r o l .  The hemor
r h a g e s  i n  t h e  r e n a l  p a r e n c h y m a  c a n n o t  b e  f o u n d .  T h e r e  a r e  r e m a n e n t  
c h a n g e s  i n  t h e  w a l l s  o f  t h e  v e s s e l s :  t h i c k e n i n g  o f  t h e  b a s a l  mem
b r a n e s  i n  t h e  c a p i l l a r i e s  o f  i n d i v i d u a l  g l o m e r u l i .  T h e r e  a r e  a r e a s  
o f  r e s o r p t i o n  a t  t h e  s i t e s  o f  p r e v i o u s  h e m o r r h a g e s  a r o u n g  t h e  g l o 
m e r u l i  a n d  among t h e  t u b u l e s  o f  t h e  n e p h r o n s .  

D i s t r o p h i c  C h a n g e s  i n  t h e  E p i t h e l i u m  o f  t h e  T u b u l e s  i n  t h e  
N e p h r o n s .  W i t h i n  o n e  h o u r  a f t e r  t h e  e x p e r i m e n t ,  t h e r e  i s  o b s e r v e d  
a n  e x p a n s i o n  o f  t h e  lumen f o r  t h e  p r o x i m a l  r e g i o n s  o f  t h e  n e p h r o n s ,  
a n d  d e t a c h m e n t  o f  t h e  t u f t s  a t  t h e  a p i c a l  s u r f a c e  o f  t h e  c e l l s .  
T h e r e  a r e  c e l l s  w i t h  p y k n o t i c  n u c l e i  a n d  b a s o p h i l i c  c y t o p l a s m  i n  
t h e  w a l l s  o f  s t r a i g h t  t u b u l e s ,  w h i l e  t h e r e  a r e  f o r m i n g  c y l i n d e r s  
i n  t h e i r  l u m i n a .  I n  t h e  e x p a n d e d  l u m i n a  o f  t h e  d i s t a l  t u b u l e s  i n  
t h e  n e p h r o n s ,  t h e r e  a r e  f r a g m e n t s  o f  d i s i n t e g r B a t i n g  e p i t h e r l i a l  
c e l l s  a n d  a b a s o p h i l i c  homogeneous  s u b s t a n c e .  

A f t e r  o n e  d a y ,  t h e  d y s t r o p h i c  c h a n g e s  become more d i s t i n c t  i n  
t h e  c i i s t a l  r e g i o n s  o f  t h e  n e p h r o n s  a n d  i n  t h e  c o l l e c t i n g  t u b u l e s .  
I n  t h e  d i s t a l  r e g i o n s ,  t h e r e  i s  p y k n o s i s  o f  t h e  n u c l e i ,  g r a n u l a r  
d i s t r o p h y  o f  t h e  e p i t h e l i a l  c e l l s ,  as  w e l l  a s  d e s q u a m a t i o n  i n  t h e  
l u m i n a  o f  t h e  t u b u l e s .  The R N A  c o n t e n t  i n  t h e  c e l l s  o f  t h e  t u b u l e s  
i s  d e c r e a s e d .  I n  t h e  e x t e n d e d  l u m i n a  o f  t h e  c o l l e c t i n g  t u b u l e s ,  
t h e r e  a r e  f r e s h  e r y t h r o c y t e s  a n d  c o n g l o m e r a t e s  c o n s i s t i n g  o f  t h e  
d i s i n t e g r a t i n g  c e l l s  i n  t h e  v i c i n i t y  o f  t h e  n e p h r o n s  f o u n d  a b o v e  
( F i g .  3 ) .  

On t h e  t h i r d  d a y ,  t h e  d y s t r o p h i c  c h a n g e s  i n  t h e  c e l l s  o f  t h e  
d i s t a l  t u b u l e s  a r e  p r e s e r v e d ;  t h e y  a p p e a r  i n  t h e  p y k n o s i s  o f  t h e  
n u c l e i  i n  i n d i v i d u a l  c e l l s ,  i n  t h e  v a c u o l i z a t i o n  a n d  d e s q u a m a t i o n  
o f  t h e  e p i t h e l i a l  c e l l s  i n  t h e  l u m i n a  o f  t h e  t u b u l e s ,  a n d  i n  t h e  
e x p a n s i o n  o f  t h e  t u b u l a r  l u m i n a .  I n  t h e  e p i t h e l i a l  c e l l s  o f  t h e  
d i r e c t  t u b u l e s ,  w e  c a n  o b s e r v e  v a c u o l i z a t i o n  a n d  l i p o i d  i n f i l t r a 
t i o n  o f  t h e  c y t o p l a s m .  
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With in  7 d a y s ,  t h e ’ e p i t h e l i a l  c y l i n d e r s  a n  d i n d i v i d u a l  d e s  qua
mous c e l l s  a re  s t i l l  found  i n  t h e  lumina  o f  t h e  d i s t a l  t u b u l e s .  
T h e ’ e p i t h e l i u m  o f  t h e  d i r e c t  t u b u l e s  i s  v a c u o l i z e d  and c o n t a i n s  
f a t t y  i n s e r t i o n s .  

Fig. 3.  D i s t r o p h i c  Changes i n  t h e  C e l l s  o f  I n d i v i d u a l  
Nephrons ( a )  and  Conglomera tes  of  Desquamous C e l l s  i n  
t h e  Lumina o f  t h e  C o l l e c t i n g  Tubules  o f  t h e  Medulla  i n  
t h e  Kidney ( b ) ,  One Day A f t e r  t h e  E f f e c t  o f  an Acce le
r a t i o n .  Azure 11-Eos in .  Enlargement :  6.00 x. 

307 



D u r i n g  t h e  f o l l o w i n g  p e r i o d s  ( o n  t h e  1 5 t h ,  3 0 t h ,  a n d  6 0 t h  d a y s / 2 8 7  
f o l l o w i n g ) ,  t h e  d y s t r o p h i c  c h a n g e s  i n  t h e  e p i t h e l i u m  o f  t h e  t u b u l e s  
i n  t h e  n e p h r o n s  g r a d u a l l y  d e c r e a s e  a n d  d i s a p p e a r ;  o n l y  i n  t h e  l u m i n a  
o f  t h e  d i s t a l  t u b u l e s  a r e  t h e r e  i n d i v i d u a l  d i s i n t e g r a t i n g  c e l l s  w i t h  
p y k n i c  n e c l e i .  

CONCLUSION 


The m o r p h o l o g i c a l  d i s o r d e r s  i n  t h e  k i d n e y s  of t h e  d o g s  a r e  d e 
t e r m i n e d  p r i m a r i l y  b y  hemodynamic c h a n g e s  w h i c h  o c c u r  a s  a r e s u l t  
o f  t h e  e f f e c t  of a c c e l e r a t i o n s .  A c t u a l l y ,  d u r i n g  t h e  f i r s t  
h o u r s  a n d  d a y s  a f t e r  t h e  e x p e r i m e n t ,  t h e r e  a r e  c n a n g e s  i n  t h e  v a s c u 
l a r  s y s t e m :  p l e t h o r a  o f  t h e  g l o m e r u l a r  c a p i l l a r i e s  ( m o s t  o f t e n  i n  
t h e  j u x t a m e d u l l a r y  z o n e ) ,  t h e  v e i n s  a n d  t h e  v e n u l e s ,  a n d  a l s o  l i m i t e d  
h e m o r r h a g e s  i n  t h e  r e n a l  p a r e n c h y m a .  The p e n e t r a b i l i t y  o f  t h e  w a l l  
i n  t h e  g l o m e r u l a r  c a p i l l a r i e s  i s  i n c r e a s e d ,  as  shown b y  t h e  e r y t h r o 
c y t e s  f o u n d  i n  t h e  l u m i n a  o f  t h e  t u b u l e s  i n  t h e  n e p h r o n s ,  A s  a r e 
s u l t  o f  t h e s e  v a s c u l a r  c h a n g e s ,  t h e r e  d e v e l p s  a c o n d i t o n  o f  h y p o x i a  
i n  t h e  t i s s u e s ,  a s  w e l l  a s  a m e c h a n i c a l  c o m p r e s s i o n  o f  t h e  t u b u l e s  
i n  t h e  n e p h r o n ,  w i t h  e x p a n d e d  v e s s e l s  a n d  e r u p t i o n  o f  b l o o d .  A s  
a r e s u l t  o f  t h i s ,  t h e r e  a r e  d y s t r o p h i c  c h a n g e s  i n  t h e  e p i t h e l i u m  
o f  t h e  t u b u l e s  i n  t h e  n e p h r o n s .  The l a t t e r  a r e  e x p r e s s e d  i n  t h e  
g r a n u l a r  a n d  l i p o i d  d y s t r o p h y  o f  t h e  e p i t h e l i a l  c e l l s ,  a s u b s e q u e n t  
d e s t r u c t i o n  o f  t h e  i n d i v i d u a l  c e l l s ,  a n d  t h e i r  t e a r i n g  away t o w a r d  
t h e  l u m i n a  o f  t h e  t u b u l e s .  T h e s e  c h a n g e s  a p p e a r  a f t e r  t h e  f i r s t  
d a y s  a n d  c o n t i n u e  f o r  a l o n g  p e r i o d  ( u p  t o  1 - 2  m o n t h s ) .  W e  s h o u l d  
n o t e  t h a t  t h e  g r e a t e s t  d y s t r o p h i c  c h a n g e s  a p p e a r  i n  t h e  c e l l s  o f  
t h e  d i s t a l  t u b u l e s ,  w h i c h ,  a c c o r d i n g  t o  a l a r g e  amount  o f  d a t a  i n  
t h e  l i t e r a t u r e ,  i s  t h e  r e s u l t  o f  t h e i r  h i g h  s e n s i t i v i t y  t o  o x y g e n  
d e f i c i e n c y .  

T h e r e f o r e ,  t h e  c h a n g e s  i n  t h e  i n t r a r e n a l  b l o o d  c i r c u l a t i o n ,  
a n d  t h e  d y s t r o p h i c  d i s o r d e r s  i n  t h e  e p i t h e l i b m  of t h e  t u b u l e s  i n  
t h e  n e p h r o n s ,  a p p e a r i n g  a s  a r e s u l t  o f  t h e  e f f e c t  o f  t h e  a c c e l 
e r a t i o n s ,  h a v e  a r e c o v e r a b l e  n a t u r e ,  s i n c e  d u r i n g  t h e  l a t e r  p e r i o d s  
t h e r e  i s  a s i g n i f i c a n t  c o m p e n s a t i o n  o f  t h e s e  m o r p h o l o g i c a l  c h a n g e s .  
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THE CONDITION OF THF LYFIPH GLANDS IN APIIPIALS n l l R I N f l  SINGLF APIQ 
REPFATE? ACCELFRATI ONS 

Y u .  I. Afanas'yev and Yu. V. M a s h k o v t s e v  

A B S T R A C T :  A n  e x a m i n a t i o n  of t h e  Z y m p h  nodes  and 
spZeen  i n  dogs ,  a f t e r  t h e  e f f e c t  of b o t h  s i a g t e
and r e p e a t e d  a c c e l e r a t i o n s ,  showed t h a t  t h e r e  
a r e  phase  changes  i n  Zymphopozesis  i n  t h e  Zymph
g l a n d s ,  i n  t h e  a c t i v i t y  of t h e  r e t i c u Z a r - e n d o 
t h e Z i a Z  s y s t e m ,  and i n  t h e  s t r u c t u r a l  c o n t r a c t 
i n g  a p p a r a t u s  of t h e  s p l e e n  ( w h i c h  pZays an  i m 
p o r t a n t  p a r t  in t h e  d e p o s i t i o n  of b lood  .in d o g s ) .
The degree  of t h e  changes i n  t h e  Zymph g l a n d s
v a r i e s  f o r  b o t h  t h e  an imal s  i n  one s e r i e s  of 
t h e  e x p e r i m e n t s  and f o r  t h e  animaZs i n  d i f f e r e n t  
s e r i e s .  

In a n a l y z i n g  t h e  changes i n  t h e  lymph nodes  
and t h e  s p l e e n ,  s p e c i a l  s i g n i f i c a n c e  i s  g i v e n  t o  
t h e  s p e c i f i e s  of t h e  f u n c t i o n s  of each  o f  t h e s e  
organs  i n  t h e  dogs ,  a s  w e l l  as  t o  t h e  e f f e c t  o f  
v a r i o u s  f a c t o r s  a r i s i n g  d y r i n g  a c c e l e r a t i o n s  
( h y p o x i a ,  change i n  t h e  neurohormone r e g u l a t i o n ,
o v e r e x e r t i o n  of t h e  organs  b e i n g  s t u d i e d  by
f l u i d  d e p o s i t i o n  and r e d i s t r i b u t i o n  of t h e  b l o o d ) .  

The lymph g l a n d s  h a v e  n u m e r o u s  f u n c t i o n s  ( h e m o p o i e t i c ,  p r o t e c - / 2 8 8  
t i v e ,  d e p o s i t o r y ,  e t c . ) .  T h e y . a r e  v e r ~s e n s i t i v e  t o  e v e r y  t y p e  of 
e f f e c t  on t h e  b o d y ,  i n c l u d i n g  a c c e l e r a t i o n s .  T h e - a v a i l a b l e  ar
t i c l e s  on t h e  s t u d y  of t h e  l y m p h o i d  t i s s u e  d u r i n g  e x t r e m e  s t r e s s e s  
[l, 9 1 ,  a n d  on  t h e  r e l a t i o n s h i p  b e t w e e n  t h e  r e s i s t a n c e  t o  a c e e l 
e r a t i a n s  a n d  t h e  f u n c t i o n a l  a c t i v i t y  o f  t h e  r e t i c u l a r - e n d o t h e l i a l  
s y s t e m  [18, 193, c o ' n f i r m  w h a t  we h a v e  s a i d .  

C o n s i d e r i n g  t h e  c o m p l e x i t y  o f  t h e  s t r u c t u r e  a n d  t h e  f u n c t i o n a l  
f e a t u r e s  o f  t h e  lymph n o d e s  and  s p l e e n ,  w e  c o n c e n t r a t e d  o u r  a t t e n 
t i o n  on  t h e  s t u d y  o f  t h e  l y m p h o i d  f o l l i c l e s ,  t h e  r e t i c u l a r  e n d o t h e 
l i u m  o f  t h e s e  o r g a n s ,  a n d  t h e  s t r u c t u r a l  c o n t r a c t i n g  a p p a r a t u s  o f  
t h e  s p l e e n  d u r i n g  a c c e l e r a t i o n s .  

METHOD 


T h i s  s t u d y  w a s  c o n d u c t e d  on d o g s  w h i c h  were  s u b j e c t e d  t o  t r a n s 
v e r s e  ( c h e s t - b a c k )  a c c e l e r a t i o n s  v a r y i n g  i n  v a l u e  a n d  d u r a t i o n .  

W e  e s t a b l i s h e d  t h r e e  s e r i e s  o f  e x p e r i m e n t s .  I n  S e r i e s  I ,  t h e  
a c c e l e r a t i o n  h a d  a v a l u e ' o f  8 u n i t s  f o r  3 m i n u t e s .  I n  S e r i e s  11, 
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t h e  a c c e l e r a t i o n  w a s  1 2  u n i t s  f o r  o n e  m i n u t e .  I n  S e r i e s  I11 . 

t h e  e x p e r i m e n t s ,  t h e  a n i m a l s  were s u b j e c t e d  t o  t h e  e f f e c t  o f  r e p e a t 
e d  a c c e l e r a t i o n s  o f  3 - 1 2  u n i t s .  

The  e x p e r i m e n t s  were  c o n d u c t e d  o n  4 2  m o n g r e l  d o g s .  T h e r e  were 
1 4  d o g s  i n  e a c h  s e r i e s .  For c o n t r o l ,  w e  e x a m i n e d  t h e  o r g a n s  o f  4 
i n t a c t  d o g s .  The a n i m a l s  were k i l l e d  by e t h e r  d u r i n g  v a r i o u s  p e r 
i o d s  o f  t h e  e x p e r i m e n t  - a f t e r  1 h o u r ,  a n d  1 , - 3 ¶  7 ,  1 5 ,  3 0 ,  a n d  6 0  
d a y s  a f t e r  t h e  a c c e l e r a t i o n s .  

We c u t  o u t  s e c t i o n s  o f  t h e  o r g a n  w i t h  a k n i f e  ( a c r o s s  t h e  
s p l e e n ) ,  u s i n g  t h e  v e n t r a l  a n d  d o r s a l  e n d s  o f  t h e  s p l e e n .  T h e s e  
s e c t i o n s  were f i x e d  i n  Z e n k e r  f o r m o l  a n d  C a r n o t  s o l u t i o n .  The  lymph 
n o d e s  were  t a k e n  f r o m  t h e  l e f t  a n d  r i g h t  i n g u i n a l  r e g i o n s  a n d  f i x e d  
i n t a c t  i n  t h e  same s o l u t i o n s .  The m a t e r i a l s  w e r e  moun ted  i n  p a r a f 
f i n .  The s e c t i o n s  were  s t a i n e d  w i t h  a z u r e  1 1 - e o s i n  by  t h e  Unna-Pap
p e n h e i m  me thod  a n d  by t h e  M a l l o r y  me thod  f o r  c o n j u n c t i v e  t i s s u e .  We 
a l s o  t e s t e d  t h e  T h i r m a n  a n d  P e a r l s  r e a c t i o n s  f o r  i r o n .  On t h e  s ec 
t i o n s  made p e r p e n d i c u l a r  t o  t h e  l o n g  a x i s  o f  t h e  lymph n o d e s ,  w e  
m e a s u r e d  t h e  d i a m e t e r s  o f  t h e  r e a c t i v e  c e n t e r s  w i t h  t h e  a i d  o f  a n  
o c u l a r  m i c r o m e t e r .  The  a r e a  o f  t h e  r e a c t i v e  c e n t e r  i n  t h e  s e c t i o n  
w a s  d e t e r m i n e d  by t h e  e l l i p s e  f o r m u l a .  We made a c o m p a r i s o n  b e t w e e n  
t h e  a v e r a g e  v a l u e s  f o r  t h e  a r e a  o f  t h e  r e a c t i v e  c e n t e r s  f o r  t h e  e x 
p e r i m e n t a l  a n i m a l s  a n d  f o r  t h e  c o n t r o l  a n i m a l s .  We c a l c u l a t e d  t h e  
m i t o t i c  i n d e x  i n  t h e  r e a c t i v e  c e n t e r s  ( t h e  number  o f  f i s s i o n a b l e  
c e l l s  p e r  1 0 0 0  c e l l s  i n  t h e  r e a c t i v e  c e n t e r ) .  A t  t h e  same t i m e ,  w e  
c a l c u l a t e d  t h e  number  o f  c e l l s  w h i c h  u n d e r w e n t  d e s t r u c t i o n s .  The 
l a t t e r  were d e t e r m i n e d  by t h e  d e c r e a s e  i n  s i z e ,  d e f o r m a t i o n ,  a n d  / 2 8 9  
c o m p a c t i o n  o f  t h e  n u c l e i ,  and  t h e  c h a n g e  i n  t h e i r  s t a i n i n g  p r o p e r 
t i e s .  For e a c h  a n i m a l ,  w e  e x a m i n e d  a t  l e a s t  5 0 0 0  c e l l s  i n  t h e  r e 
a c t i v e  c e n t e r s .  

A s e r i e s  o f  e x p e r i m e n t s  on 2 6  male  r a t s ,  w e i g h i n g  2 0 - 2 5  g ,  w i t h  
a c , c e l e r a t i o n s  o f  3 6  u n i t s  f o r  2 m i n u t e s ,  w a s  c o n d u c t e d .  s u p p l e m e n 
t a r i l y .  T h r e e  d a y s ,  two  d a y s  and  6 h o u r s  b e f o r e  k i l l i n g  1 8  a n i m a l s ,  

'. 	 w e  a d m i n i s t e r e d  t r y p a n  b l u e  i n t r a v e n o u s l y  ( 0 . 5 % - s o l u t i o n  p e r  0 . 5  m l ) .  
We e x a m i n e d  t h e  c a u d a l  p a r a - a o r t a l  lymph n o d e s  i n  t h e  m e s e n t e r y  a s  
w e l l  a s  t h e  s p l e e n .  I n  8 a n i m a l s ,  w e  r emoved  t h e  m e s e n t e r i c  lymph 
n o d e s  i n  o r d e r  t o  e x a m i n e  them w i t h  a n  e l e c t r o n  m i c r o s c o p e .  T h e s e  
a n i m a l s  were k i l l e d  6 h o u r s  a n d  1, 3 ,  a n d  7 d a y s  a f t e r  t h e  e x p e r i 
m e n t .  Mice w h i c h  w e r e  a l s o  t r e a t e d  w i t h  t h e  same s t a i n s  were  exam
i n e d  o n  t h e  t h i r d ,  s e v e n t h ,  a n d  f i f t e e n t h  d a y s  a f t e r  t h e  a c c e l 
e r a t i o n .  F o r  t h e  c o n t r o l ,  we e x a m i n e d  t h e  o r g a n s  o f  6 m i c e .  

The m a t e r i a l s  f o r  e l e c t r o n  m i c r o s c o p y  were  f i x e d  a c c o r d i n g  t o  
C a u l f i e l d ' s  me thod  [lo] and  moun ted  i n  m e t h a c r y l a t e .  The s , e c t i o n s  
were c o n t r a s t e d  by R e y n o l d s '  method [167. The p h o t o g r a p h s  were 
made on a UEMV-100 e l e c t r o n  m i c r o s c o p e .  

RESULTS 

The s p l e e n  o f  t h e  dog  i s  among t h o s e  o r g a n s  whose  p r e d o m i n a n t  
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f u n c t i o n s  i n v o l v e  t h e  d e p o s i t i o n  o f  t h e  b l o o d  C131. I n  r e l a t i o n  t o  
t h i s ,  t h e  s t r u c t u r a l  c o n t r a c t i n g  a p p a r a t u s  i s  v e r y  s t r o n g l y  d e v e l o p e d  
i n  t h e  s p l e e n  o f  t h e s e  a n i m a l s ,  a n d  t h e  w h i t e  p u l p  d e v e l o p s  more 
w e a k l y  ( i n  c o m p a r i s o n  w i t h  a s p l e e n  o f  m e t a b o l i c  t y p e ) .  T h u s ,  t h e  
p r i n c i p a l  s i g n i f i c a n c e  i n  t h e  r e a l i z a t i o n  o f  t h e  l y m p h o p o i e t i c  f u n c 
t i o n  b e l o n g s  t o  t h e  lymph n o d e s .  I n  t u r n ,  t h i s  f u n c t i o n  i s  n o t  e x 
p r e s s e d  u n i f o r m l y  i n  v a r i o u s  g r o u p s  o f  lymph n o d e s .  I t  i s  m o s t  i n 
t e n s e  i n  t h e  s u b c u t a n e o u s  lymph n o d e s .  I n  t h e  m e s e n t e r i c  lymph 
n o d e s ,  t h e  c o r t i c a l  s u b s t a n c e  ( o y m p h o i d  f o l l i c l e s )  i s  d e v e l o p e d  
more w e a k l y  t h a n  t h e  m e d u l l a r  s u b s t a n c e ,  w h i c h  c a n  b e  e x p l a i n e d  b y  
i t s  h i g h  a c t i v i t y  i n  c a r r y i n g  o u t  p h a g o c y t i c  r e a c t i o n s  a n d  i n  d e 
p o s i t i n g  t h e  lymph [ 4 1 .  

LYMPHOPOIESIS 

The s t u d y  o f  t h e  l y m p h o i d  t i s s u e  i n  t h e  i n g u i n a l  lymph n o d e s  
o f  t h e  c o n t r o l  a n i m a l s  showed t h a t  t h e  l y m p h o p o i e t i c  p r o c e s s e s  o c c u r  
p r i m a r i l y  i n  t h e  l y m p h o i d  f o l l i c 1 e . s .  The a r e a  o f  t h e  r e a c t i v e  c e n 
t e r s  i n  t h e  f o l l i c l e s  v a r i e d  f r o m  0 . 0 2 1  t o  0 . 0 3 8  m m 2  p e r  s e c t i o n .  
The m i t o t i c  i n d e x  i n  t h e s e  a n i m a l s  w a s  1 6 - 2 3  ( F i g s .  1 a n d  2 ) .  

A s  w e  c a n  s e e  f r o m  t h e  f i g u r e s ,  t h e r e  i s  a t e n d e n c y  f o r  t h e  
m i t o t i c  a c t i v i t y  i n  t h e  a n i m a l s  o f  a l l  t h e  e x p e r i m e n t a l  s e r i e s  t o  
d e c r e a s e  w i t h i n  o n e  d a y  a f t e r  t h e  a c c e l e r a t i o n .  D u r i n g  l a t e r  p e r 
i o d s ,  t h e r e  i s  a t e n d e n c y  f o r  t h e  m i t o t i c  a c t i v i t y  t o  i n c r e a s e .  The 
g r e a t e s t  i n c r e a s e  i n  t h e  number  o f  m i t o s e s  i n  t h e  r e a c t i v e  c e n t e r s  
i s  n o t e d  on  t h e  f i f t e e n t h  d a y  a f t e r  t h e  e x p e r i m e n t .  I n  t h i s  c a s e ,  
t h e r e  i s  a n  i n c r e a s e  i n  t h e  d i m e n s i o n s  o f  t h e  r e a c t i v e  c e n t e r s  b e 
c a u s e  o f  a n  i n c r e a s e  i n  t h e  q u a n t i t y  o f  y o u n g  e l e m e n t s  i n  t h e  lymph
o p o i e t i c  s e r i e s .  A c c o r d i n g  t o  t h e i r  t y p e ,  t h e  r e a c t i v e  c e n t e r s  c a n  
b e  d e t e r m i n e d  a s  b e i n g  t h e  c e n t e r s  f o u n d  a t  t h e  a c t i v e  s t a g e  o f  
l y m p h o p o i e s i s  ( a c c o r d i n g  t o  Maksimov a n d  B l u m ) .  The t e n d e n c y  f o r  
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a, 

t h e  m i t o t i c  a c t i v i t y  t o  i n c r e a s e  w a s  m o s t  p r o n o u n c e d  i n  d o g s  w h i c h  /291 

u n d e r w e n t  a s i n g l e  s t r e s s  o f  8 u n i t s  f o r  3 m i n u t e s .  On t h e  3 0 - 6 0 t h  

d a y s  a f t e r  t h e  a c c e l e r a t i o n s ,  " r e s t i n g "  r e a c t i v e  c e n t e r s  a r e  o f  

t e n  f o u n d .  The o s c i l l a t i o n s  o f  t h e  m i t o t i c  a c t i v i t y  a n d  o f  t h e  

a r e a s  o f  t h e  r e a c t i v e  c e n t e r s ' i n  t h e  l y m p h o i d  f o l l i c l e s  come c l o s e  

t o  t h e  c o n t r o l  l e v e l .  
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F i g .  2 .  M i t o t i c  A c t i v i t y  i n  t h e  R e a c t i v e  C e n t e r s  o f  t h e  Lymphoid 
F o l l i c l e s  i n  t h e  Lymph Nodes o f  Dogs A f t e r  t h e  E f f e c t  o f A c c e l e r a t i o n .  
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F i g .  3 .  D e s t r u c t i o n  o f  t h e  Lymphoid C e l l s  i n  t h e  Lymph Nodes  A f t e r  
t h e  E f f e c t  o f  A c c e l e r a t i o n .  (1) S e r i e s  I ;  ( 2 )  S e r i e s  I I ;  ( 3 )  

S e r i e s  111. 
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I n  a d d i t i o n  t o  t h e  m i t o t i c  a c t i v i t y  i n  t h e  n o d e s ,  w e  a l s o  ex
amined t h e  p r o c e s s e s  o f  c e l l u l a r  d e s t r u c t i o n  ( F i g .  3 ) .  For  s iqg le  
a c c e & e r a $ i o n s ,  t h e  ' q u a n t i t y ' o f  d e s t r u c t i v e  c e l l s  does  n o t  g r e a t l y  
exceed  t h e  c o n t r o l  l e v e l .  However, t h e  s t u d y  of  t h e  r e l a t i o n s h i p  
between t h e  p r o c e s s e s  o f  d e s t r u c t i o n  and t h a t  o f  p r o l i f e r a t i o n  o f  
t h e  lymphoid e l e m e n t s  shows a c e r t a i n  change i n  t h i s  r e l a t i o n s h i p  
on t h e  p a r t  o f  t h e  two p r o c e s s e s  d u r i n g  t h e  e a r l y  p e r i o d s  a f t e r  t h e  
e x p e r i m e n t s .  

A s h a r p  i n t e n s i f i c a t i o n  o f  t h e  d e s t r u c t i o n  o f  t h e  lymphoid e le 
ments i s  obse rved  d u r i n g  r e p e a t e d  a c c e l e r a t i o n s .  The g r e a t e s t  
q 'uantity o f  c e l l s  w i t h  p y k n o t i c ' n u c l e i  w a s  found w i e h i n  30 minu tes  
a f t e r  t h e  s t resses  ( F i g .  4 ) .  Some s u c h  n u c l e i  are  encompassed by 
t h e  macrophages o f  t h e  f o l l i c l e s .  An i n c r e a s e  i n  t h e  q u a n t i t y  o f  
d e s t r u c t i v e  c e l l s  w a s  n o t e d  f o r  2 weeks a f t e r  t h e  s t ress .  Around 
t h e  t h i r t i e t h  day a f t e r  r e p e a t e d  a c c e l e r a t i o n ,  t h e  p r o c e s s e s  o f  
c e l l u l a r  d e s t r u c t i o n  a r e  a l m o s t  t h e  s a m e  as t h o s e  f o r  t h e  c o n t r o l  
l e v e l .  

The lymphoid f o l l i c l e s  o f  t h e  s p l e e n ,  when a f f e c t e d  by  accel
e r a t i o n s  d u r i n g  S e r i e s  1 o f  t h e  e x p e r i m e n t s ,  d e c r e a s e  i n  d imens ions  
ana  a re  " l i b e r a t e d "  from t h e  s m a l l  lymphocytes  w i t h i n  1 hour  a f t e r  / 2 9 2  
t h e  b e g i n n i n g  o f  t h e  expe r imen t .  Then (up t o  3 0  days  a f t e r . t h e  
a c ~ e l e r a - t i o n )  fhe  f o l l i c l e s  c o n t a i n  o n l y  a nar row b o r d e r  o f  s m a l l  
lymphocy-Lea, and a l a r g e  number o f  t h e  f o l l i c l e s  have  Large  lympho
c y t e s  and l y m p h o b l a s t s .  F i g u r e s  o f  m i t o s e s  i n  t h e  l y m p h o b l a s t s  a r e  

F ig .  4 .  D e s r r u c t i o n  o f  t h e  Lymphocytes i n  t h e  Lymphoid F o l l i c l e s  of  
t h e  I n g u i n a l  Lymph Nodes by t h e  Repea ted  A c t i o n  o f  Extreme S t r e s ses  
(1) P y k n o t i c  N u c l e i  o f  Lymphocytes; ( 2 )  Macrophage w i t h  Fragments  o f  
N u c l e i  of t h e  Lymphocytes i n  t h e  Cytoplasm. S t a i n i n g :  Azure II-

E o s i n .  400X. 
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found v e r y  i n f r e q u e n t l y .  A t  t h e  end o f  t h e  f i r s t  month a f t e r  t h e  
a c c e l e r a t i o n ,  "hyperchromic  ce l l s"  i n t e n s i v e l y  s t a i n e d  w i t h  a z u r e -
I1 are  found i n  t h e  lymphoid f o l l i c l e s  o f  The a n i m a l s  i n  t h i s  se r ies  
111. The cy top la sm o f  s u c h  c e l l s  c o n t a i n s  a r e l a t i v e l y  s m a l l  quan
t i r y  o f  r i b o n u c l e i c  a c i d .  The n u c l e i  a re  lumpy, and s i m i l a r  t o  a 
dense  a c c u m u l a t i o n  o f  chromosomes. Obv ious ly ,  such  c e l l s  must b e  
l y m p h o b l a s t s  i n  t h e  s t a g e  o f  i n c o m p l e t e ,  a b o r t i v e  m i t o s i s .  

The w h i t e  p u l p  o f  t h e  s p l e e n  changed less  r e g u l a r l y  and gradu
a l l y  d u r i n g  Ser ies  I1 of t h e  e x p e r i m e n t s .  Wi th in  1-3  days  a f t e r  t h e  
a c c e l e r a t i o n ,  t h e  lvmphoid f o l l i c l e s  showed h y p e r p l a s z a ,  and i n  

c r e a s e d  i n  volume. A l a rge  number o f  lymphocytes  a re  a l s o  round i n  

t h e  r e d  p u l p ,  p a r t i c u l a r l y  a l o n g  t h e  t r a b e c u l a e .  Each t r a b e c u l a  

s e e m s  t o  have  a lymphoid v a g i n a .  The cy top la sm o f  many c e l l s  i s  

h i g h l y  b a s o p h i l i c ,  and c o n t a i n s  a l a r g e  q u a n t i t y  o f  RNA.  Some cel ls  

i n  t h e s e  lymphoid v a g i n a e  c o u l d  undoub ted ly  b e  a t t r i b u t e d  t o  a 

p l a s m a t i c  c a t e g o r y .  Wi th in  3 0  days  a f te r  t h e  a c c e l e r a t i o n ,  cer- /293 

t a i n  lymphoid f o l l i c l e s  a re  found t o  be  f r ee  o f  s m a l l  lymphocytes ;  

i n  t h i s  case,  a l m o s t  t h e  e n t i r e  f o l l i c l e  c o n s i s t s  o f  l a r g e  lympho

c y t e s  and r e t i c u l a r  c e l l s .  


I n  t h e  case of r e p e a t e d  a c c e l e r a t i o n s ,  t h e  lymphoid f o l l i 
c l e s  have  c l e a r l y  pronounced r e a c t i v e  c e n t e r s  whose w i d t h  t a k e s  up 
h a l f  t h e  d i a m e t e r  o f  t h e  f o l l i c l e  w i t h i n  1 hour  a f te r  t h e  t e r m i n a 
t i o n  o f  t h e  l a s t  e x p e r i m e n t .  La rge  l y m p h o b l a s t s  ( 5 - 6  i n  one  s e c t i o n  

F i g .  5 .  P r o l i f e r a t i o n  o f  Lymphocytes and Lymphoblasts  i n  t h e  Lym
pho id  F o l l i c l e s  of t h e  S p l e e n  i n  Response t o  t h e  Repea ted  Aci-qqn o f  
A c c e l e r a t i o n s ,  1 5  - P a v s  After T e r m i n a t i o n  of t e Experimen-ks. (1)
M i t o t i c  D i v i s i o n  of t h e  Lymphocytes and L y m p h h l a s t s ;  ( 2 )  Lympho
b l a s t s ;  ( 3 )  C e n t r a l  A r t e r y .  S t a i n i n g :  Azure 11-Eos in .  400X. 
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o f  a f o l l i c l e )  w i t h  an i n t e n s e l y  p y r o n i n o p h i l i c  cy top la sm can  be  
s e e n  i n  t h e  r e a c t i v e  c e n t e r s .  Moreover ,  i n  each  reac t ive  c e n t e r  . 
t h e r e  a re  2-3 l y m p h o b l a s t s  or l a r g e  lymphocy tes ,  which a r e  i n  a con
d i t i o n  o f  m i t o t i c  d i v i s i o n .  The p r o l i f e r a t i v e  p r o c e s s e s  i n  t h e  lym
phoid  f o l l i c l e s  are  i n t e n s i f i e d  d u r i n g  t h e  15 -30 th  days  a f t e r  t h e  
stress. The d imens ions  o f  t h e  r e a c t i v e  c e n t e r s  i n  t h e  f o l l i c l e s  
i n c r e a s e ,  and t h e  number o f  l y m p h o b l a s t s  and d i v i d i n g  ce l l s  i n  them 
i n c r e a s e s  r o u g h l y  1 . 5  t i m e s ,  i n  comparison w i t h  t h e  f i r s t  hour  a f t e r  
t h e  t e r m i n a t i o n  o f  t h e  l a s t  expe r imen t  ( F i g .  5 ) .  The re  a re  f r a g 
ments o f  d e g e n e r a t i n g  lymphocytes  among t h e  d i v i d i n g  c e l l s .  

/ 294  

F i g .  6 .  F r e e  Macrophages i n  t h e  S i n u s e s  o f  I n g u i n a l  Lymph Nodes 
With in  One Hour A f t e r  t h e  S i n g l e  A c t i o n  o f  a n  A c c e l e r a t i a n .  (1) . 
I n t e r m e d i a t e  S i n u s e s ;  ( 2 )  F r e e  Macrophages w i t h  P h a g o c y t i c  Fragments  
i n  t h e  Blood C e l l s .  S t a i n i n g :  Azure 11-Eosin.  9OOX. 

Within  2 months a f t e r  t h e  a c c e l e r a t i o n ,  t h e  c o n d i t i o n  o f  t h e  
lymphoid f o l l i c l e s  becomes t h e  s a m e  as f o r  t h e  c o n t r o l s  i n  a l l  t h e  
ser ies  o f  e x p e r i m e n t s .  

C O N D I T I O N  OF THE R E T I C U L O E N D O T H E L I U M  

I n  t h e  s i n u s e s  o f  t h e  lymph nodes d u r i n g  t h e  f i r s t  p e r i o d s  af
t e r  t h e  a c c e l e r a t i o n ,  t h e r e  i s  a n ’ i n c r e a s e  i n  t h e  number of f r e e  
macrophages.  I n  t h i s  case,  w e  can  t r ace  t h e  r o r m a t i o n  or t n e  macro-
phages from t h e  r e t i c u l o e n d o t h e l i a l  c e l l s  o f  t h e  s i n u s e s .  The c e l l s  
become rounded and t h e i r  cy top la sm becomes h y p e r t r o p h i c .  I n  t h e  
cy top la sm o f  s i n g l e  macrophages,  w e  can  see e n t r a p p e d  p a r t i c l e s  and  
sometimes even  c e l l s  ( e r y t h r o c y t e s  and g r a n u l a r  l e u k o c y t e s )  ( F i g .  6 ) .  

During t h e  f i r s t  to t h i r d  days  a f t e r  t h e  a c c e l e r a t i o n ,  t h e  
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r e a c t i o n  to i r o n  i n  t h e  macrophages o f  t h e  s i n u s e s  and t h e  p u l p y  
f i l a m e n t s  g i v e s  a p a l e - b l u e  homogeneous s t a i n .  T h i s  i s  more i n t e n s e  
on t h e  s e v e n t h  day a f r e r  t h e  s tpess .  

I n  t h e  s p l e e n  o f  t h e  a n i m a l s  i n  a l l  t h e  ser ies  o f  t h e  e x p e r i 
ments ,  even  d u r i n g  t h e  first day a f t e r  t h e  t e r m i n a t i o n  o f  t'he 
a c c e l e r a t i o n s ,  t h e r e  i s  a n  i n c r e a s e  i n  t h e  h e m o s i d e r i n  i n  t h e  r e d  
p u l p .  The pigment  i s  d i s t r i b u t e d  b o t h  i n  t h e  cy top la sm o f  t h e  m a c 
rophages  and between t h e  ce l l s  ( F i g .  7 ) .  

L a t e r ,  a f t e r  1 5 - 3 0  d a y s ,  t h e  q u a n t i t y  o f  h e m a t i c  p igment  i n  
t h e  s p l e e n  d e c r e a s e s  i n  - a l l  t h e  se r ies  o f  e x p e r i m e n t s .  

/ 2 9 5  

F i g .  7 .  I n  r e a s e d  Q u a n t i t v  o f  Hemosider in  i n  t h e  MacroDh es o f  t h  
Red Pu lp  w i t h  Repea ted  Ac t ion  o f  A c c e l e r a k i o n  ( 3 0  m i n u t e s  A f t e r  
t h e  T e r m i n a t i o n  o f  t h e  E x p e r i m e n t s ) .  (1) Macrophages w i t h  I n c l u s i o n s  
o f  Hemosider in .  P e a r l s  R e a c t i o n .  4 0 0 X .  

A s p e c i a l  e x a m i n a t i o n  o f  t h e  a b s o r p t i v e - p o w e r  o f  t h e  r e t i c u l o 
endo the l ium i n  m i c e  which w e r e  s u b j e c t e d  t o  a c c e l e r a t i o n s  o f  35  
u n i t s  shows t h e  actrEvat ion o f  t h e  p r o c e s s e s  of  p h a g o c y t o s i s  d u r i n g  
t h e  %bird t o  s e v e n t h  days a f t e r  t h e  expe r imen t .  I n  t h e  c o n t r o l  a n i 
‘rials, i f  t h e  s t a i n  a d m i n i s t e r e d  i n  v i v o  s e t t l e s  i n  t h e  cy top la sm o f  
t h e  r e t i c u l o e n d o t h e l i a l  c e l l s  i n  t h e  lymph nodes  i n  t h e  form o f  m i 
c r o g r a n u l e s ,  w i t h i n  3 days  a f t e r  t h e  e x p e r i m e n t ,  t h e r e  a re  macro-
g r a n u l e s  and lumps o f  s t a i n  i n  t h e s e  c e l l s .  A c o a r s e  g r a n u l a t i o n  
a p p e a r s  i n  t h e  f r e e  macrophages.  . On t h e  s e v e n t h  day a f t e r a c c e l 
g r a t i o n , t h e  p r o c e s s e s  o f  c a p t u r e  o f  t r y p a n  b l u e  become even more 
i n t e n s i f i e d .  I n  t h e  cy top la sm o f  t h e  macrophages ,  w e  n o t e d  t h e  ap
p e a r a n c e  o f  l i g h t  v a c u o l e s  c o n t a i n i n g  t h e  s t a i n .  I n  c e r t a i n  c e l l s ,  
t h e  s t a i n  f i l l s  up The e n t i r e  cy top la sm,  s o  t h a t  i n  t h i s  case it i s  
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d i f f i c u l t  t o  d e t e r m i n e  t h e  n u c l e u s  ( p a r a - a o r t a l  n o d e s ) .  F o l l o w i n g  
t h i s ,  t h e  p r o c e s s e s  o f  t h e  s t a i n  c a p t u r e  i n  t h e  lymph n o d e s  become 
t h e  same a s  f o r  t h e  c o n t r o l s .  

An e l e c t r o n - m i c r o s c o p i c  e x a m i n a t i o n  o f  t h e  m e s e n t e r i c  lymph 
n o d e s  i n  m i c e  w h i c h  w e r e  s u b j e c t e d  t o  a c c e l e r a t i - n ,  b u t  w h i c h  d i d  
n o t  r e c e i v e  s t a i n ,  showed t h a t  t h e  m a c r o p h a g e s  a r e  i n  a n  a c t i v e  
s t a t e  6 h o u r s  a f t e r  t h e  e x p e r i m e n t :  t h e  q u a n t i t y  o f  m i c r o - p r o c e s s e s  
i s  i n c r e a s e d ,  a n d  t h e r e  a r e  many d e n s e  c o r p u s c l e s  s u r r o u n d e d  by  a 
s i n g l e - e d g e d  membrane i n  t h e  c y t o p l a s m .  T h e s e  c o r p u s c l e s  h a v e  non- / 2 9 6  
u n i f o r m  d i m e n s i o n s ,  a n d  a m a t r i x  w h i c h  d i f f e r s  i n  d e n s i t y .  T h e i r  
a p p e a r a n c e  i s  r e m i n i s c e n t  o f  l y s o s o m e s  c113. A t  t h e  s u r f a c e  o f  t h e  
p r o c e s s e s ,  a n d  i n  t h e  d e p r e s s i o n s  o f  t h e  c e l l  membrane ,  t h e r e  a r e  
many m i c r o g r a i n s  w i t h  v a l u e s  o f  a b o u t  1 2 0  8 .  Some p a r t i c l e s  o f  t h e  
same d i m e n s i o n s  a r e  s e e n  i n  t h e  c y t o p l a s m  o f  t h e  m a c r o p h a g e  f r a g m e n t s .  

I n  t h e  s p l e e n  o f  t h e  c o n t r o l  a n i m a l s ,  n o  a c c u m u l a t i o n s  o f  t h e  
s t a i n  i n  t h e  r e t i c u l o e n d o t h e l i u m  w e r e  o b s e r v e d .  F o r  t h e  e x p e r i m e n t 
a l  a n i m a l s ,  w i t h i n  3 d a y s  a f t e r  t h e  a c c e l e r a t i o n ,  t h e r e  w e r e  f o u n d  
o n l y  i n d i v i d u a l  c e l l s  c a p t u r e d  by t h e  s t a i n  i n  t h e  r e d  p u l p .  A f t e r  
7 d a y s ,  t h e  q u a n t i t y  o f  s u c h  c e l l s  i n c r e a s e d .  F o l l o w i n g  t h i s ,  w e  
c o n t i n u e d  t o  f i n d  m a c r o p h a g e s  w i t h  t h e  s t a i n  i n  t h e  s p l e e n ,  a l t h o u g h  
t h e i r  number  d e c r e a s e d .  

S T R U C T U R A L  C O N T R A C T I N G  APPARATUS OF T H E  S P L E E N  

D u r i n g  t h e  m i c r o s c o p i c  e x a m i n a t i o n  o f  t h e  s p l e e n ,  t h e  smoo th -
m u s c l e  c e l l s  o f  t h e  c a p s u l e  and  t h e  t r a b e c u l a e  w e r e  f o u n d  t o  h a v e  
u n d u l a n t  c o n t r a c t i o n s  i n  a l l  t h r e e  s e r i e s  o f  e x p e r i m e n t s .  A s  a r e 
s u l t ,  t h e  t r a b e c u l a e  show e x p a n s i o n  a n d  s t e n o s i s .  I n  a d d i t i o n  t o  
t h e  c o n t r a c t e d  m u s c u l a r  c e l l s ,  t h e r e  a r e  d y s t r o p h i c  c h a n g e s  i n  s i n 
g l e  s m o o t h - m u s c l e  c e l l s ,  p a r t i c u l a r l y  f o r  t h e  a n i m a l s  i n  S e r i e s  11. 
T h e i r  c y t o p l a s m  becomes  v a c u o l i z e d  a n d  t h e  n u c l e i  a r e  c r u m p l e d  a n d  
t i g h t e n e d ,  w i t h  t h e  v a c u o l e s  t o w a r d  t h e  p e r i p h e r y  o f  t h e  c e l l .  T h e s e  
p r o c e s s e s  a r e  m o s t  s t r o n g l y  p r o n o u n c e d  a f t e r  3 d a y s .  For r e p e a t e d  
a c c e l e r a t i o n s ,  o n l y  s i n g l e  s m o o t h - m u s c l e  c e l l s  u n d e r g o  d y s t r o p h y ,  
a n d  m o s t  o f  t h e  m u s c u l a r  c e l l s  a r e  somewhat  h y p e r t r o p h i c  t h r o u g h o u t  
t h e  e n t i r e  e x p e r i m e n t .  The  h y p e r t r o p h y  o f  t h e  s m o o t h - m u s c l e  c e l l s  
i s  a l s o  o b s e r v e d  i n  t h e  a r t e r i e s .  A s  a r e s u l t  o f  t h i s ,  t h e  t r a b e c u 
l a r  a n d  p u l p  a r t e r i e s  h a v e  a t h i c k e n e d  m u s c u l a r  membrane a n d  a 
t w i s t e d  d u c t .  

D I S C U S S I O N  

S i n g l e  a n d  r e p e a t e d  a c c e l e r a t i o n s  c a u s e  d e f i n i t e  h i s t o s t r u c 
t u r a l  a n d  f u n c t i o n a l  c h a n g e s  i n  t h e  l y m p h o i d  f o l l i c l e s ,  a n d  a c t i v i t y  
o f  t h e  r e t i c u l o e n d o t h e l i u m  i n  t h e  l y m p h o i d  o r g a n s  i n  t h e  s t r u c t u r a l -
c o n t r a c t i n g  a p p a r a t u s  o f  t h e  s p l e e n  i n  d o g s .  The c h a n g e s  d e t e c t e d  
a r e  t h e  r e s u l t  o f  a number  o f  c h a n g e s  i n  t h e  o r g a n i s m ,  o c c u r r i n g  
d u r i n g  t h e  e x p e r i m e n t .  Some o f  t h e s e  a r e  h y p o x i a ,  a c h a n g e  i n  t h e  
n e u r o e n d o c r i n e  r e g u l a t i o n ,  a r e d i s t r i b u t i o n  o f  t h e  f o r m e d  e l e m e n t s  
i n  t h e  b l o o d  d u r i n g  a n d  a f t e r  t h e  e f f e c t  o f  a c c e l e r a t i o n s ,  e t c .  
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The n y p o x i a  d u r i n g  t h e  a c c e l e r a t i o n s ,  d e s c r i b e d  b v  many r e 
s e a r c h e r s ,  c a n  a f f e c t  t h e  c o n d i t i o n  o f  t h e  l y m p h o i d  o r g a n s  [3, 5 ,  8 1 .  
T h u s ,  Meyer  e t  a l .  [15], i n  t h e i r  e x p e r i m e n t s  o n  a n i m a l s  w h i c h  u n d e r 
wen t  a d e c r e a s e  i n  t h e  b a r o m e t r i c  p r e s s u r e ,  d r e w  t h e  c o n c l u s i o n  t h a t  
t h e  l e u c o c y t o s i s  o b s e r v e d  d u r i n g  t h e  p e r i o d  i m m e d i a t e l y  a f t e r  t h e  
p r e s s u r e  d r o p  w a s  c a u s e d  by a w i t h d r a w a l  o f  t h e  b l o o d  f r o m  t h e  d e 
p o s i t .  The l a t t e r  l e u k o p e n i a  i s  r e l a t e d  t o  t h e  f u n c t i o n a l  d e p r e s - / 2 9 7  
s i o n  of t h e  b o n e  marrow a n d  t h e  lymph n o d e s .  

The p h a s e  c h a n g e s  w e  o b s e r v e d  i n  t h e  r e a c t i v e  c e n t e r s  of t h e  
lymphoTd f o l l i c l e s  d u r i n g  s i n g l e  a n d ,  i n  p a r t i c u l a r ,  r e p e a t e d  
a c c e l e r a t i o n s  ( d e c r e a s e  i n  t h e  m i t o t i c  a c t i v i t y ,  i n t e n s i f i c a t i o n  
o f  l y m p h c y t o l y s i s ) ,  r e m i n d  u s  o f  t h e  c o n d i t i o n  o f  t h e  l y m p h o i d  or
g a n s  d u r i n g  s t r e s s  r e a c t i o n s  C171.  

D u r i n g  a m o r p h o l o g i c a l  e x a m i n a t i o n  o f  t h e  a d r e n a l  g l a n d s  i n  
our d o g s  f o r  S e r i e s  I a n d  I1 o f  t h e  e x p e r i m e n t s ,  N .  V .  M i l i t s i n a  
d e t e c t e d  s i g n s  o f  a b r i e f  a c t i v a t i o n  o f  t h e  f u n c t i o n  o f  t h e  c e l l s  
i n  t h e  n o d u l a r  z o n e  d u r i n g  t h e  f i r s t  h o u r s  a f t e r  t h e e c c e l e r a t i o n .  
T h e s e  c h a n g e s  were  more e x p r e s s e d  i n  t h e  a n i m a l s  o f  S e r i e s  I .  

A .  R .  K o t o v s k a y a  e t  a l . 1  o b s e r v e d  a n  i n c r e a s e  i n  t h e  l e v e l  o f  
k e t o s t e r o i d s  i n  t h e  u r i n e  f o r  t h e  a n i m a l s  i n  S e r i e s  111, d u r i n g  t h e  
f i r s t  d a y  a f t e r  c a r r y i n g  o u t  a n  e n t i r e  c o m p l e x  o f  r e p e a t e d  a c c e l 
e r a t i o n s .  

An i n c r e a s e  i n  t h e  l e v e l  o f  k e t o s t e r o i d s  i n  t h e  b l o o d  w a s  a l s o  
o b s e r v e d  f o r  t h e  a s t r o n a u t s  a f t e r  t h e i r  s p a c e  f l i g h t s  C71. 

A s  w e  know f r o m  t h e  s t u d i e s  by  D o u g h e r t y  a n d  o t h e r s ,  t h e  c o r 
t i c o s t e r o i d s  s u p p r e s s  m i t o s i s  o f  t h e  l y m p h o i d  e l e m e n t s  a n d  a c c e l e r 
a t e  t h e i r  d i f f e r e n t i a t i n g  p r o c e s s ;  d u r i n g  t h e  p r o l o n g e d  a c t i o n  o f  
c o r t i c o i d s ,  t h e r e  i s  k a r y o r r h e x i s  o f  m a t u r e  l y m p h o c y t e s  c121. 

A l a r g e  number  o f  r e s e a r c h e r s  o b s e r v e d  a c t i v a t i o n  o f  t h e  c e l l s  
i n  t h e  r e t i c u l o e n d o t h e l i a l  s y s t e m  d u r i n g  a n  i n c r e a s e  i n  t h e  b l o o d  
l e v e l  o f  t h e  h o r m o n e s  i n  t h e  a d r e n a l  c o r t e x  C 2 0 ,  211. O b v i o u s l y ,  
t h e  same mechan i sm c a u s e s  a n  i n c r e a s e  i n  t h e  a b s o r p t i v e  power  o f  
t h e  r e t i c u l o e n d o t h e l i u m  o f  t h e  lymph g l a n d s  i n  our e x p e r i m e n t s .  

The  i n t e n s i f i c a t i o n  o f  t h e  c a p t u r e  o f  h e m o s i d e r i n  by  t h e  K u p f e r  
c e l l s  of  t h e  l i v e r  i n  t h e  d o g s  of S e r i e s  I a n d  11, d e s c r i b e d  by  Y e .  
F .  K o t o v s k i y ,  a g r e e s  w i t h  our d a t a  [SI. 

The c h a n g e  i n  t h e  r e t i c u l o e n d o t h e l i u m  a n d  t h e  l y m p h o i d  f o l l i 
c l e s  i n d i c a t e s ,  i n  our o p i n i o n ,  t h a t  t h e  p r o t e c t i v e  f o r c e s  i n  t h e  
o r g a n i s m  a r e  m o b i l i z e d  d u r i n g  t h e  e f f e c t  o f  a c c e l e r a t i o n s .  

- .  _. _-~__I________ 
_- - 

1 T h e s e  d a t a  h a v e  n o t  b e e n  p u b l i s h e d .  
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I n  t h e  e x p e r i m e n t s  w e  c o n d u c t e d ,  i t  w a s  f o u n d  t h a t ,  f o r  r e p e a t 
e d  a n d  s i n g l e  a o r d e l e r a t i o n s ,  t h e r e  i s  d i s t r o p h y  o f  s i n g l e  s m o o t h -
m u s c l e  c e l l s  i n  t h e  s t r u c t u r a l  c o n t r a c t i n g  a p p a r a t u s  o f  t h e  s p l e e n .  
I n  a d d i t i o n  t o  t h i s ,  t h e r e  i s  h y p e r t r o p h y  o f  t h e  r e m a i n i n g  m u s c u l a r  
e l e m e n t s  i n  t h e  c a p s u l e ,  t r a b e c u l a e ,  a n d  v e s s e l s  d u r i n g .  r e p e a t e d  
e x t r e m e  s t r e s s .  

S u c h  a c o n d i t i o n  f o r  t h e  s t r u c t u r a l - c o n t r a c t i n g  a p p a r a t u s  o f  
t h e  s p l e e n  can  b e  e x p l a i n e d ,  on  o n e  h a n d ,  b y  t h e  c o n t r a c t i o n  o f  t h e  
o r g a n  when t h e  a n i m a l s  a r e  k e l l e d  b y  e t h e r  a n d ,  on  t h e  o t h e r  h a n d .  
b y  t h e  e x t r e m e  t e n s i o n  i m p o s e d  on  t h e  s p l e e n  d u r i n g  a c c e l e r a t i o n l  
I n  o u r  o p i n i o n ,  t h e  l a t t e r  c i r c u m s t a n c e  c a n  e x p l a i n  t h e  d y s t r o p h i c  
c h a n g e s  i n  t h e  s m o o t h - m u s c l e  c e l l s .  

The c o n d i t i o n  o f  t h e  s t r u c t u r a l  c o n t r a c t i n g  a p p a r a t u s  is r e - / 2 9 8  
l a t e d  t o  t h e  f u n c t i o n  o f  t h e  d e p o s i t i o n  o f  t h e  b l o o d  a n d  i t s  l i b e r 
a t i o n  f r o m  t h e  o r g a n  d u r i n g  t h e  p e r i o d  when t h e  o r g a n i s m  r e q u i r e s  
a n  i n c r e a s e  i n  t h e  q u a n t i t y  o f  e r y t h r o c y t e s  i n  t h e  p e r i p h e r a l  b l o o d  
( f o r  e x a m p l e ,  d u r i n g  a g r e a t  amount  o f  p h y s i c a l  w o r k ,  o x y g e n  d e f i 
c i e n c y ,  e t c . ) .  O b v i o u s l y ,  b e c a u s e  o f  t h e  h y p e r t r o p h y  o f  t h e  s m o o t h -
m u s c l e  c e l l s  a s  a r e s u l t  o f  t h e  r e p e a t e d  a c c e l e r a t - i o n s ,  t h e  b l o o d  
i n  t h e  r e d  p u l p  o f  t h e  s p l e e n  e m p t i e s  o u t  a f t e r  t h e  a n i m a l s  a r e  
k i l l e d ,  f o r  a l m o s t  a l l  t h e  p e r i o d s  o f  t h e  e x p e r i m e n t  ( e x c e p t  t h e  
f i r s t  h o u r ) .  A t  t h e  s a m e  t i m e ,  a f t e r  s i n g l e  a c c e l e r a t i o n s ,  t h e r e  
i s  p l e t h o r a  o f  t h e  o r g a n  a n d  a b o r d e r l i n e  s t a t e  + h e  l e u c o c y t e s ,  
f o r  t h e  e n t i r e  f i r s t  week.  O b v i o u s l y ,  t h e  l a t t e r  i s  c a u s e d  b y  t h e  
d e s t r u c t i o n  o f  t h e  e n d o t h e l i u m  i n  t h e  v e s s e l s  o f  t h e  s p l e e n  [ 2 ] .  
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PATHOMORPHOLOGICAL CHANGES DURING THE EFFECT OF R A D I A L  
ACCELERATI ONS IN THE "HEAD-FEET" D I R E C T I O N  

V . G .  Petrukhin a n d  S . S .  Markaryan 

A B S T R A C T :  PathomorphoZogicaZ changes  i n  t h e  
organs  of d o g s ,  o c c u r r i n g  d u r i n g  r o t a t i o n  aZong
t h e  a x i s  wh ich  p a s s e s  t h r o u g h  t h e  p e Z v i c  a r e a ,  
a t  v a r i o u s  angZes of i n c Z i n a t i o n  f o r  t h e  t r u n k  
(0, 2 0 ,  70°), were examined .  The r e s u Z t s  of t h e  
e x a m i n a t i o n s  showed t h a t ,  f o r  t h e  e f f e c t  of 
a c c e Z e r a t i o n s  of 2 . 3  g and more a t  t h e  ZeveZ of 
t h e  head, b e j o r e  t h e  appearance of a "coZZapse"
i n  t h e  compensa t ion  of t h e  c a r d i o v a s c u Z a r  a c t i 
v i t y ,  t h e r e  a r e  hemorrhages,  edemata, and d y s 
t r o p h i c  p r o c e s s e s  i n  t h e  cerebrum,  myocardiu ,
Zungs, and o t h e r  o r g a n s .  

A t  a c c e Z e r a t i o n s  h i g h e r  t h a n  6 g ,  t h e  a n i 
maZs somet imes  d i e .  The r e p e a t e d  e f f e c t  of 
a c c e Z e r a t i o n s  can cause  d r o p s y ,  d i s i n t e g r a t i o n  
of t h e  myeZin  f i b e r s ,  and d e s t r u c t i o n  of i n d i 
viduaZ g a n g Z i o n i c  ceZZs i n  t h e  cerebrum; i n  t h e  
h e a r t ,  t h e r e  are f o c i  of micromyomalacia,  and 
th romboses  of t h e  chambers in t h e  r i g h t  h e a r t ;  
i n  t h e  Zungs, t h e r e  a r e  f o c i  of pneumoscZeros i s
and emphysema; i n  t h e  Z i v e r ,  t h e r e  a r e  s i g n s  
of c h r o n i c  s t a s i s .  

The e f f e c t  o f  a c c e l e r a t i o n s  on a n  o r g a n i s m  i s  o f  g r e a t  i n t e r e s t  / 2 9 9  
a t  t h i s  t i m e ,  p a r t i c u l a r l y  i n  r e l a t i o n  t o  p r o b l e m s  o f  s p a c e  e x p l o r 
a t i o n .  

D e s p i t e  t h e  l a r g e  number  o f  p h y s i o l o g i c a l  s t u d i e s  on t h e  p r o b 
lem o f  t o l e r a n c e  t o  a c c e l e r a t i o n ,  t h e  p a t h o m o r p h o l o g i c a l  c h a n g e s  
h a v e  n o t  b e e n  d i s c u s s e d  i n  g r e a t  d e t a i l .  The a u t h o r s  who h a v e  
t o u c h e d  on  t h e s e  p r o b l e m s  h a v e  o f t e n  l i m i t e d  t h e m s e l v e s  t o  o n l y  
m a c r o s c o p i c  d a t a  [l, 2 ,  8 ,  1 0 ,  11, 131. The h i s t o l o g i c a l  c h a n g e s  
i n  d i f f e r e n t  o r g a n s  h a v e  b e e n  d i s c u s s e d  o n l y  i n  s i n g l e  w o r k s  [ 3 ,  
5 , ' 6 ,  1 2 ,  141. N e v e r t h e l e s s ,  a k n o w l e d g e  o f  t h e  m o r p h o l o g i c a l  d a t a  
c o m b i n e d  w i t h  t h e  p a t h o p h y s i o l o g i c a l  d a t a  c o u l d  show t h e  m e c h a n i s m  
o f  t h e  c h a n g e s  w h i c h  o c c u r  i n  a n  o r g a n i s m  d u r i n g  t h e  e f f e c t  o f  
a c c e l e r a t i o n s ,  w h i c h  w o u l d  b e  o f  g r e a t  s i g n i f i c a n c e  i n  w o r k i n g  o u t  
r a t i o n a l  m e t h o d s  f o r  p r o p h y l a x i s .  

T h i s  e x a m i n a t i o n  w a s  c o n d u c t e d  on  2 2  e x p e r i m e n t a l  a n d  2 c o n t r o l  
m a t u r e  d o g s .  The a n i m a l s  w e r e  p u t  on a s p e c i a l  r o t a t i n g  t e s t - s t a n d  
[ 7 ]  a n d  s u b j e c t e d  t o  t h e  e f f e c t  o f  r a d i a l  a c c e l e r a t i o n s  when t h e  
a x i s  o f  t h e  r o t a t i o n  p a s s e d  t h r o u g h  t h e  p e l v i c  a r e a  a t  a n g l e s  of O o ,  
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2 0 ° ,  a n d  7 0 ° ,  f r o m  t h e  a x i s  o f  t h e  t r u n k .  I n  some e x p e r i m e n t s ,  
t h e  a n i m a l s  were s u b j e c t e d  t o  a s i n g l e  a c c e l e r a t i o n ;  i n  o t h e r  e x 
p e r i m e n t s ,  t h e y  e x p e r i e n c e d  a c c e l e r a t i o n s  r e p e a t e d  t w i c e ,  w i t h  
i n t e r v a l s  up  t o  3 0  min  b e t w e e n  r o t a t i o n s .  Some d o g s  a l s o  t o o k  p a r t  
i n  t h e  e x p e r i m e n t s  on  t h e  f o l l o w i n g  d a y s  ( u p  t o  5 t i m e s ) .  The mag
n i t u d e  o f  a c c e l e r a t i o n  a t  t h e  l e v e l  o f  t h e  h e a d  v a r i e d  f r o m  0 . 4  t o  
1 6 . 2  g .  The d u r a t i o n  o f  t h e  e f f e c t  v a r i e d  f r o m  1 t o  20 min  b e f o r e  
t h e  a p p e a r a n c e  o f  a r r h y t h m i a ,  e x t r a s y s t o l e ,  or a r r e s t  o f  r e s p i r a t i o n  
- " c o l l a p s e  o f  c o m p e n s a t i o n " .  F o u r t e e n  d o g s  d i e d  d u r i n g  t h e  e x p e r i 
m e n t s ,  a n d  t h e  o t h e r  8 were k i l l e d  d u r i n g  t h e  p e r i o d s  a f t e r  t h e  
a c c e l e r a t i o n s  - f r o m  30 min  t o  1 2  d a y s .  A u t o p s i e s  were made on  a l l  
t h e  a n i m a l s .  F o r  t h e  m i c r o s c o p i c  e x a m i n a t i o n ,  w e  t o o k  f r a g m e n t s  
f r o m  t h e  b r a i n ,  l u n g s ,  h e a r t ,  l i v e r ,  k i d n e y s ,  a n d  a d r e n a l  g l a n d s .  
The s e c t i o n s  were  t r e a t e d  a c c o r d i n g  t o  t h e  m e t h o d s  w h i c h  a r e  
g e n e r a l l y  u s e d  i n  h i s t o l o g y .  

For a l l  t h e  1 2  a n i m a l s  w h i c h  u n d e r w e n t  t h e  e f f e c t  o f  a s i n g l e  
a c c e l e r a t i o n ,  t h e  m o r p h o l o g i c a l  c h a n g e s  were r o u g h l y  i d e n t i c a l  i n  
n a t u r e ,  d e s p i t e  c e r t a i n  d i f f e r e n c e s  i n  t h e  e x p e r i m e n t a l  c o n d i t i o n s .  

For t h e  a n i m a l s  w h i c h  d i e d  or w e r e  k i l l e d  w i t h i n  30 min  a f t e r  
t h e  e x p e r i m e n t ,  t h e r e  w e r e  s m a l l  and  l a r g e  h e m o r r h a g e s  i n  t h e  muco
s a  o f  t h e  e y e l i d s  a n d  i n  t h e  a n t e r i o r  w a l l  o f  t h e  e y e b a l l .  The 
s o f t  t i s s u e s  o f  t h e  h e a d  w e r e  p l e t h o r i c  a n d  e d e m a t o u s .  T h e r e  w e r e  
b l o o d  c l o t s  i n  t h e  f r o n t a l  s i n u s e s ,  a n d  l e s s  b l o o d  i n  t h e  h i g h m o r i t i c  
s i n u s e s .  The s i n u s e s  o f  t h e  d u r a  m a t e r  were o v e r f i l l e d  w i t h  b l o o d .  
The ' p i a  ma te r  w a s  p l e t h o r i c  a n d  e d e m a t o u s ,  w h i l e  h e m o r r h a g e s  w e r e  / 3 0 0  
o f t e n  f o u n d  i n  t h e  r e g i o n  o f  t h e  h y p o p h y s i s ,  o p t i c  c h i a s m ,  a n d  
o c c i p i t a l  a n d  p a r i e t a l  l o b e s .  The m e d u l l a r y  s u b s t a n c e  was p l e t h o r i c  
a n d  s l i g h t l y  e d e m a t o u s .  The r i g h t  a u r i c l e  o f  t h e  h e a r t ,  t h e  a t r i u m  
c o r d i s ,  a n d  t h e  v e n t r i c l e  were e n l a r g e d  b e c a u s e  o f  t h e  a c c u m u l a t i o n  
o f  b l o o d  i n  t h e m .  The h e a r t  m u s c l e  w a s  f l a c c i d  a n d  a n e m i c .  The 
v e n a e  c a v a e  w e r e  s i g n i f i c a n t l y  t h i c k e n e d ,  a n d  t h e  p u l m o n a r y  a n d  
h e p a t i c  v e i n s  were  a l s o  e n l a r g e d  i n  d i a m t e r .  The o t h e r  v e s s e l s  d i d  
n o t  c h a n g e .  A t  t h e  d o r s a l  s u r f a c e  o f  b o t h  l u n g s ,  o f t e n  i n  t h e  
p h r e n i c  l o b e s  a n d  c l o s e  t o  t h e  r a d i x ,  h e m o r r h a g e s  o f  v a r i o u s  s i z e s  
were d i s p e r s e d  t h r o u g h o u t .  The l i v e r  w a s  d e n s e  a n d  e x t r e m e l y  
p l e t h o r i c  i n  s e c t i o n .  The i n t e s t i n e s ,  k i d n e y s ,  s p l e e n ,  a n d  u r o 
g e n i t a l  o r g a n s  were  u s u a l l y  h y p e r e m i c .  

I n  d o g s  w h i c h  were  k i l l e d  o n e  d a y  a f t e r  t h e  e x p e r i m e n t ,  t h e  
a p p e a r a n c e s  o f  p l e t h o r a  o f  t h e  t i s s u e s  were l e s s  p r o n o u n c e d .  

A m i c r o s c o p i c  e x a m i n a t i o n  o f  t h e  p i a  m a t e r ,  r e v e a l e d  s i g n i f i 
c a n t  p l e t h o r a ,  edema ,  a n d  d i a p e d i s t i c  h e m o r r h a g e s .  The v e i n g s  o f  
t h e  m e d u l l a r y  s u b s t a n c e  w e r e  e x p a n d e d  p a r a l y t i c a l l y  ( p a r t i c u l a r  i n  
t h e  w h i t e  m a t t e r ) ,  a n d  t h e  c a p i l l a r i e s  were o f t e n  c l o g g e d  w i t h  
lumped e r y t h r o c y t e s .  Around m o s t  of  t h e  v e s s e l s ,  t h e r e  was a n  
e d e m a t o u s  f l u i d ,  s o m e t i m e s  mixed  w i t h  e r y t h r o c y t e s .  The edema 
a r o u n d  t h e  n e r v e  f i b e r s ,  m i c r o g l i a ,  a n d  i n  p a r t i c u l a r  t h e  m a c r o g l i a ,  
w a s  p r o n o u n c e d  i n  a l l  t h e  r e g i o n s  o f  t h e  b r a i n .  C e r t a i n  g a n g l i o n i c  
c e l l s  i n  t h e  c e r e b e l l u m ,  Ammon's h o r n ,  a n d  c o r t e x  were more s t r o n g l y  
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Fig. 1. Eosinophilia and Swelling of the Muscle Fibers in the Myo
cardium of a Dog Following the Effect of Accelerations of 2.4 g for 
17 min, with an Angle of Inclination of 9 0 ° ,  One Day After the 

Experiment. 


Fig. 2. Lamination of the Elastic Fibers in the Arteries of the 

Lung, and Wide-Open Arteriovenous Anastomosis in a Dog, for the Ef

fect of Accelerations of 14.5 g, with an Angle of Inclination of 20°. 


The Dog Died during the Sixth Minute of the Experiment. 


323 




s t a i n e d  w i t h  e o s i n  a n d  t h i o n i n e ,  a n d  t h e  N i s s l  b o d i e s  were c l u m p e d .  
O t h e r  c e l l s  w e r e  e n l a r g e d  a n d  l i g h t ,  a n d  t h e i r  p r o t o p l a s m  c o n t a i n e d  
v a c u o l e s ,  w h i l e  e a c h  n u c l e u s  h a d  t w o  n u c l e o l e s .  For t h e  a n i m a l s  
w h i c h  w e r e  k i l l e d  o n e  d a y  a f t e r  t h e  e x p e r i m e n t ,  i n  a d d i t i o n  t o  w h a t  
we h a v e  d e s c r i b e d ,  t h e r e  were  s i g n s  o f  r e s u s c i t a t i o n  i n  t h e  m i c r o 
l o g i a ,  r e m i n i s c e n t  o f  t h e  p i c t u r e  o f  a n e u r o n o p h a g e ,  a r o u n d  c e r t a i n  
i n j u r e d  c e l l s  o f  t h e  c o r t e x .  

The a r t e r i e s  o f  t h e  myocard ium were  o f t e n  s p a s m a t i c ,  a n d  t h e i r  
t u n i c  a d v e n t i t i a  a n d  s u r r o u n d i n g  c o n n e c t i v e  t i s s u e  h a d  t h e i r  f i b e r s  
s e p a r a t e d  by a n  e d e m a t o u s  f l u i d  w h i c h  c o n t a i n e d  a n  a d m i x t u r e  o f  
e r y t h r o c y t e s  i n  p l a c e s .  The l u m i n a  o f  t h e  c a p i l l a r i e s  o f t e n  c o n 
t a i n e d  o n l y  s i n g l e  e r y t h r o c y t e s .  C e r t a i n  m u s c l e  f i b e r s  were  s w o l l e n ,  
l o s t  t h e i r  s t r e a k i n e s s ,  w e r e  s t a i n e d  e o s i n o p h i l i c a l l y ,  a n d  u n d e r w e n t  
f u c h s i n o p h i l i c  d y s t r o p h y  ( a c c o r d i n g  t o  S e l y e ) ,  a n d  t h e  q u a n t i t y  o f  
e t h m o i d  f i b e r s  i n  them d e c r e a s e d .  T h r o u g h o u t  t h e  e n t i r e  m y o c a r d i u m ,  
t h e  p e r c e n t a g e  o f  g l y c o g e n  c l u m p s  d e c r e a s e d  t o  a g r e a t  d e g r e e .  For 
t h e  a n i m a l s  w h i c h  were k i l l e d  o n e  d a y  a f t e r  t h e  e x p e r i m e n t ,  t h e  
c h a n g e s  i n  t h e  m y o c a r d i u m  w e r e  t h e  same a s  t h o s e  d e s c r i b e d  a b o v e ,  
b u t  t h e  edema i n  t h e  i n t e r m e d i a t e  t i s s u e  a n d  t h e  s w e l l i n g  o f  t h e  
m u s c l e  f i b e r s  w e r e  more  p r o n o u n c e d  ( F i g .  1); t h e  g l y c o g e n  c o n t e n t  
i n  t h e  myocard ium w a s  a l m o s t  c o m p l e t e l y  r e c o v e r e d .  I n  t h r e e  d o g s ,  
t h e r e  w a s  n e c r o s i s  o f  some o f  t h e  m u s c l e  f i b e r s  b e n e a t h  t h e  e p i 
c a r d i u m  o f  t h e  l e f t  v e n t r i c l e .  

I n  t h e  r e g i o n s  a r o u n d  t h e  r a d i c e s  o f  t h e  l u n g s ,  f o c i  o f  emphy
sema a l t e r n a t e d  w i t h  a t e l e c t a s e s .  Some a r t e r i e s  w e r e  s p a s m a t i c ,  
a n d  o t h e r s  w e r e  d i s t e n d e d  w i t h  b l o o d .  A l l  t h e  v e i n s  were  e x p a n d e d  
p a r a l y t i c a l l y  a n d  s u r r o u n d e d  by a b o r d e r  o f  e d e m a t a .  The a r t e r i o 
v e n o u s  a n a s t o m o s e s  w e r e  w i d e  o p e n  ( F i g .  2 ) .  The c a p i l l a r i e s  o f  t h e  
s e p t a  were c l o g g e d  w i t h  e r y t h r o c y t e s .  We o f t e n  f o u n d  h e m o r r h a g i c  
a r e a s .  I n  t h e  l u m i n a  o f  c e r t a i n  b r o n c h i ,  t h e r e  w a s  mucus or a s m a l l  / 3 0 2  
q u a n t i t y  o f  a n  e d e m a t o u s  s o l u t i o n .  The l a t t e r  w a s  a l s o  f o u n d  i n  
t h e  l u m i n a  o f  c e r t a i n  a l v e o l i  ( F i g .  3 ) .  I n  t h e  p e r i p h e r a l  r e g i o n s  
o f  t h e  l u n g s ,  emphysema,  w i t h  s m a l l  s e g m e n t s  o f  a t e l a c t a s e s ,  p r e 
d o m i n a t e d .  A l v e o l i  w h i c h  were  f i l l e d  w i t h  a n  e d e m a t o u s  f l u i d  a n d  
e r y t h r o c y t e s  were f o u n d  more o f t e n .  The a n i m a l s  w h i c h  w e r e  k i l l e d  
o n e  d a y  a f t e r  t h e  a c c e l e r a t i o n s  showed i n c r e a s e d  h e m o r r h a g i n g  a n d  
edema.  T h e r e  w e r e  s i n g l e  l e u k o c y t e s  i n  t h e  e d e m a t o u s  f l u i d ,  w h i l e  
t h e r e  were c e l l s  o f  d e s q u a m a t e d  e p i t h e l i u m  i n  t h e  a l v e o l i .  

I n  t h e  l i v e r ,  t h e  v e i n g s  of  t h e  p e r i p h e r a l  r e g i o n s  w e r e  d i s 
t e n d e d  by b l o o d ,  a n d  c e r t a i n  a r t e r i e s  w e r e  s p a s m a t i c .  The c o n n e c t i v e  
t i s s u e  l a y e r s  s u r r o u n d i n g  t h e  t r i a d  w e r e  e d e m a t o u s ,  a n d  e r y t h r o 
c y t e s  w e r e  o f t e n  f o u n d  i n  t h e  e d e m a t o u s  f l u i d .  The i n t r a s t r u c t u r a l  
c a p i l l a r i e s  w e r e  d i s t e n d e d  w i t h  b l o o d ,  a n d  t h e  c e n t r a l  v e i n s  h a d  a 
n o r m a l  a p p e a r a n c e .  I n  t h e  p r o t o p l a s m  o f  t h e  h e p a t i c  c e l l s  i n  t h e  
c e n t r a l  r e g i o n s  o f  t h e  l o b u l e s ,  t h e r e  w e r e  s m a l l  b a s o p h i l i c  g r a n u l e s  
or v a c u o l e s .  I'n t h e  a n i m a l s  w h i c h  were k i l l e d  3 0  m i n u t e s  a f t e r  t h e  
e x p e r i m e n t ,  t h e  v a c u o l i c  d y s t r o p h y  o f  t h e  h e p t i c  c e l l s  w a s  more 
s t r o n g l y  p r o n o u n c e d .  T h e r e  w a s  a n  i r o n - c o n t a i n i n g  p i g m e n t  i n  t h e  
K u p f e r  c e l l s .  I n  t h o s e  c a s e s  when t h e  d o g s  were k i l l e d  a f t e r  o n e  
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d a y ,  t h e r e  were s m a l l  d r o p l e t s  o f  f a t  i n  t h e  p r o t o p l a s m  o f  t h e  h e p a 
t i c  c e l l s ,  a g a i n s t  a b a c k g r o u n d  of  p r o n o u n c e d  v a c u o l a r  d y s t r o p h y .  /303, 
The p r o t o p l a s m  o f  t h e  b i l e  d u c t s  a l s o  u n d e r w e n t  l i p h o i d  i n f i l t r a t i o n .  

P l e t h o r a  was n o t i c e d  i n  t h e  k i d n e y s  o f  t h e  a n i m a l s  w h i c h  d i e d  
or were k i l l e d  3 0  min  a f t e r  t h e  e x p e r i m e n t .  I n  t h o s e  w h i c h  were 
k i l l e d  a f t e r  o n e  d a y ,  t h e  e p i t h e l i u m  o f  t h e  d i s t a l  r e g i o n s  i n  t h e  
t w i s t e d  t u b u l e s  u n d e r w e n t  g r a n u l a r  a n d  v a c u o l a r  d y s t r o p h y .  

I n  t h e  s p l e e n s  o f  a n i m a l s  w h i c h  d i e d ,  t h e r e  was a p l e t h o r a  o f  
t h e  p u l p  a n d  a d e c r e a s e  i n  t h e  amount  o f  l y m p h o i d  e l e m e n t s  i n  t h e  
f o l l i c l e s .  I n  t h o s e  w h i c h  w e r e  k i l l e d ,  t h e r e  w a s  h y p e r p l a s i a  i n  
t h e  r e t i c u l o e n d o t h e l i a l  c e l l s  a n d  a n  a c c u m u l a t i o n  o f  h e m o s i d e r i n  i n  
t h e  r e t i c u l a r  c e l l s  o f  t h e  p u l p  i n  t h e  f o l l i c l e s ,  a f t e r  o n e  h o u r .  

The p e r c e n t a g e  o f  l i p o i d s  i n  t h e  p i o t o p l a s m  o f  t h e  c e l l s  o f  
t h e  c o r t e x  i n  t h e  a d r e n a l  g l a n d s  f o r  t h e  a n i m a l s  w h i c h  d i e d  or were  
k i l l e d  a f t e r  3 0  min w a s  r o u g h l y  t h e  same a s  f o r  t h e  c o n t r o l  a n i m a l s ;  
i n  t h o s e  w h i c h  w e r e  k i l l e d  o n e  d a y  a f t e r  t h e  e x p e r i m e n t ,  t h e r e  were 
a l m o s t  n o  l i p o i d s .  

Two d o g s  u n d e r w e n t  a c c e l e r a t i o n s  w h i c h  w e r e  r e p e a t e d  t w i c e ,  a t  
i n t e r v a l s  o f  2 5  a n d  3 0  m i n .  Bo th  d o g s  d i e d  d u r i n g  t h e  e x p e r i m e n t .  
I n  c o n t r a s t  t o  t h e  a n i m a l s  w h i c h  d i e d  d u r i n g  t h e  e x p e r i m e n t  i n v o l v i n g  
s i n g l e  a c c e l e r a t i o n s ,  t h e  l a t e r a l  v e n t r i c l e s  o f  t h e  b r a i n  w e r e  d i s 
t e n d e d  w i t h  f l u i d .  M o r e o v e r ,  t h e r e  were p r o n o u n c e d  h e m o r r h a g e s  

’ 	 F i g .  3 .  Lung o f  a Dog Showing  t h e  E f f e c t  o f  A c c e l e r a t i o n s  o f  9 . 5  g ,  
w i t h  t h e  A n g l e  o f  I n c l i n a t i o n  o f  7 5 O .  The Dog D i e d  d u r i n g  t h e  
S e v e n t h  M i n u t e  o f  t h e  E x p e r i m e n t .  The C a p i l l a r i e s  o f  t h e  S e p t a  a r e  
C l o g g e d  w i t h  E r y t h r o c y t e s ,  a n d  t h e r e  i s  B l o o d  or a n  E d e m a t o u s  L i q u i d  

i n  t h e  Lumina o f  t h e  A l v e o l i .  
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b e n e a t h  t h e  p i a  m a t e r ,  a n d ,  i n  o n e  d o g  t h e r e  w a s  e v e n  a s u b d u r a l  
h e m o r r h a g e  i n  t h e  a n t e r i o r  a n d  p o s t e r i o r  c r a n i a l  f o s s a e .  D u r i n g  
t h e  m i c r o s c o p i c  e x a m i n a t i o n s ,  t h e  a p p e a r a n c e s  o f  a . d i s o r d e r  i n  t h e  
b l o o d  c i r c u l a t i o n  were much more  p r o n o u n c e d  i n  t h e s e  d o g s ;  hemor
r a h g e s  a n d  e d e m a t a  were a l s o  f o u n d  more  o f t e n  a n d  i n  l a r g e  n u m b e r s .  
I n  t h e  s a r c o p l a s m  o f  t h e  m u s c l e  f i b e r s  i n  t h e  h e a r t ,  t h e r e  were  
s m a l l  d r o p l e t s  o f  f a t .  I n  t h e  l i v e r ,  t h e  v a c u o l a r  d y s t r o p h y  w a s  
more  p r o n o u n c e d  a n d  t h e r e  were s i g n s  o f  a b e g i n n i n g  l i p o i d  d y s t r o p h y .  

E i g h t  d o g s  u n d e r w e n t  r e p e a t e d  a c c e l e r a t i o n s  up  t o  5 t i m e s .  
T h e s e  a c c e l e r a t i o n s  d i f f e r e d  i n  v a l u e ,  d u r a t i o n ,  a n d  a n g l e  o f  i n 
c l i n a t i o n  o f  t h e  t r u n k  t o  t h e  a x i s  o f  t h e  r o t a t i o n .  The i n t e r v a l s  
b e t w e e n  t h e  t e s t s  were  o n e  t o  t h r e e  d a y s .  C o n s i d e r i n g  t h a t  t h e  
r e p e a t e d  e f f e c t s ,  a s  a r u l e ,  were  t e r m i n a t e d  when t h e r e  were  s i g n s  
o f  a d i s o r d e r  i n  t h e  c a r d i a c  h c t i v i t y  a c c o r d i n g  t o  t h e  e l e c t r o 
c a r d i o g r a m s  ( t h e  " c o l l a p s e  o f  c o m p e n s a t i o n " ) ,  w e  c a n  c o n c l u d e  t h a t  
m o s t  d o g s  t o l e r a t e  g r e a t e r  s t r e s s e s  d u r i n g  t h e  f i r s t  e f f e c t  t h a n  
d u r i n g  s u b s e q u e n t  e x p e r i m e n t s .  

The p a t h o m o r p h o l o g i c a l  c h a n g e s  i n  t h e  o r g a n s  o f  t h i s  g r o u p  o f  
a n i m a l s  were v a r i e d ,  a n d  t h e y  d e p e n d e d  m a i n l y  on  t h e  t i m e  f r o m  t h e  
moment o f  t h e  l a s t  a c c e l e r a t i o n  u n t i l  d e a t h .  

I n  t h o s e  c a s e s  when t h e  a n i m a l s  d i e d  d u r i n g  t h e  e x p e r i m e n t ,  
t h e  m a c r o s c o p i c  p i c t u r e  f o r  t h e  c h a n g e s  c o r r e s p o n d e d  t o  t h o s e  f o u n d  
i n  t h e  p r e c e d i n g  g r o u p  of a n i m a l s .  If t h e  d o g s  d i d  n o t  d i e  d u r i n g  
t h e  e x p e r i m e n t ,  b u t  were k i l l e d ,  t h e  a p p e a r a n c e s  o f  v e n o u s  s t a s i s  
d i s a p p e a r e d  a r o u n d  t h e  t h i r d  d a y ,  a n d  t h e  o r g a n s  t o o k  on  t h e i r  
r e g u l a r  a p p e a r a n c e .  A g a i n s t  t h i s  b a c k g r o u n d  i n  t h e  l u n g s ,  p i a  
m a t e r ,  mucosae  o f  t h e  e y e s ,  a n d  f r o n t a l  s i n u s e s ,  w e  c o u l d  e a s i l y  
f i n d  r e s i d u a l  phenomena  a f t e r  p r e v i o u s  h e m o r r h a g e s  ( y e l l o w i s h  i n  
c o l o r ) .  M i l i a r y  d e n s e  f r a g m e n t s  were  s c a t t e r e d  o v e r  t h e  s u r f a c e  o f  /304 
t h e  p l e u r a .  The l i v e r  s e c t i o n s  i n  c e r t a i n  a n i m a l s  h a d  t h e  a p p e a r 
a n c e  o f  n u t m e g .  I n  3 d o g s ,  t h e r e  w a s  a t h i c k e n i n g  o f  t h e  w a l l s  i n  
b o t h  v e n t r i c l e s  o f  t h e  h e a r t .  M o r e o v e r ,  a l l  t h e  d o g s  i n  t h i s  g r o u p  
showed a s i g n i f i c a n t  e x p a n s i o n  of t h e  v e n t r i c l e s  i n  t h e  b r a i n ,  a l l  
t h e  way t o  f o r m a t i o n  of  d r o p s y  ( i n  2 a n i m a l s ) ,  t h r o m b o s e s  o f  t h e  
r i g h t  a t r i u m  ( i n  2 d o g s ) ,  a n d  s c a t t e r e d  f o c i  o f  p n e u m o n i a .  

The m i c r o s c o p i c  p i c t u r e  f o r  t h e  d o g s  w h i c h  d i e d  d u r i n g  t h e  
e x p e r i m e n t s  w a s  t h e  same as  f o r  t h e  p r e c e d i n g  g r o u p  o f  a n i m a l s .  I n  
a d d i t i o n  t o  t h i s ,  i n  a l l  t h e  a n i m a l s  o f  t h i s  g r o u p  ( w h e t h e r  t h e y  
d i e d  d u r i n g  t h e  e x p e r i m e n t  or were  k i l l e d ) ,  t h e r e  w e r e  o t h e r  c h a n g e s ,  
r e l a t e d  t o  t h e  r e m o t e  a f t e r a f f e c t s  f o r  t h e  a c c e l e r a t i o n s  w h i c h  t h e y  
h a d  e n d u r e d  p r e v i o u s l y :  i n  t h e  c e r e b r u m ,  h e a r t ,  l u n g s ,  l i v e r ,  k i d 
n e y s ,  a n d  s p l e e n .  

I n  t h e  p i a  m a t e r ,  i n  t h e  r e g i o n  a r o u n d  t h e  b a s i s  o f  t h e  c e r e 
b r u m ,  t h e r e  were  f o c a l  a c c u m u l a t i o n s  o f  y o u n g  c o n n e c t i v e  c e l l s .  
T h e s e  c e l l s  s o m e t i m e s  c o n t a i n e d  h e m o s i d e r i n  g r a i n s  i n  t h e  p r o t o 
p l a s m .  I n  t h e  c o r t e x ,  Amman's h o r n ,  s u b c o r t i c a l  n o d e s ,  a n d  c e r e 
b e l l u m  o f  t h e  a n i m a l s  w h i c h  were k i l l e d  o n e  t o '  t h r e e  d a y s  a f t e r  t h e  
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F i g .  4 .  C e r e b r a l  C o r t e x  o f  a Dog A f t e r  A c c e l e r a t i o n  R e p e a t e d  T h r e e  
T i m e s :  on t h e  F i r s t  Day,  4 . 6  g f o r  2 0  m i n ,  w i t h  a n  A n g l e  of I n c l i n 
a t i o n  o f  75O; On t h e  F i f t h  Day,  4 . 5  g f o r  5 m i n ;  on  t h e  S e v e n t h  Day,  
3 . 6 g .  The Dog D i e d  i n  t h e  S e v e n t h  M i n u t e  o f  t h e  L a s t  E x p e r i m e n t .  

F i g .  5 .  O r g a n i z e d  a n d  R e c h a n n e l e d  Thrombus o f  t h e  Lung i n  a Dog 
A f t e r  t h e  E f f e c t  o f  A c c e l e r a t i o n s :  F i r s t  Day,  3 . 2  g for 20 m i n ,  
w i t h  a n  A n g l e  o f  I n c l i n a t i o n  o f  75O; T h i r d  Day,  2 . 4  g for 1 8  m i n ;  
F o u r t h  Day,  I n c r e a s i n g  f r o m  1 . 8  t o  8 . 5  g for 8 m i n .  K i l l e d  A f t e r  

1 2  D a y s .  
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l a s t  e x p e r i m e n t ,  c e r t a i n  g a n g l i o n i c  c e l l s  w e r e  w r i n k l e d ,  w i t h  a 
p r o t o p l a s m  w h i c h  w a s  t h i c k l y  s t a i n e d  w i t h  e o s i n  or t h i o n i n e ,  w h i l e  
o t h e r  c e l l s  w e r e  s w o l l e n ,  w i t h  a p o o r l y - v i s i b l e  N i s s l  s u b s t a n c e  a n d  
v a c u o l e s  i n  t h e  p r o t o p l a s m .  Some o f  t h e  c e l l s  w e r e  t r a n s f o r m e d  i n t o  
s h a d o w s ;  a r o u n d  t h e m ,  w e  c o u l d  s e e  a n  a c c u m u l a t i o n  o f  m i c r o g l i a l  
e l e m e n t s  ( F i g .  4 )  w h i c h  p e n e t r a t e d  i n t o  t h e  p r o t o p l a s m  a t  i n t e r v a l s  
( a p p e a r a n c e s  o f  n e u r o n o p h a g i a ) .  I n  t h e  a n i m a l s  w h i c h  were k i l l e d  
a f t e r  7 -12  d a y s ,  t h e  p r o c e s s e s  of  w r i n k l i n g  a n d  n e u r o n o p h a g i a  p r e 
d o m i n a t e d  i n  t h e  g a n g l i o n i c  c e l l s .  

B e n e a t h  t h e  e n d o c a r d i u m  o f  t h e  p a p i l l a r y  m u s c l e s ,  i .n t h e  r i g h t  
a n d  l e f t  v e n t r i c l e s  o f  t h e  h e a r t s  o f  t h r e e  d o g s ,  t h e r e  were f o c i  
o f  n e c r o s i s  o f  t h e  m u s c l e  f i b e r s  ( v a r y i n g  i n  s i z e  a n d  o f t e n  l a m i n a t e d ) .  
Somet imes  t h e r e  w a s  a s c a t t e r i n g  o f  s u b s e q u e n t  l e u k o n a d  h i s t i o c y t i c  
r e a c t i o n s .  I n  t h e  v e i n s  o f  t h e  e p i c a r d i u m ,  t h e r e  w e r e  o f t e n  f o u n d  
f r e s h  a n d  o r g a n i z e d  t h r o m b i .  I n  a l l  t h e  d o g s  w h i c h  w e r e  k i l l e d  
o n e  d a y  or more a f t e r  t h e  a c c e l e r a t i o n s ,  t h e  g l y c o g e n  c o n t e n t  w a s  
c l o s e  t o  t h e  norm.  

I n  t h e  l u n g s  o f  a l l  t h e  d o g s  f o r  t h i s  g r o u p ,  t h e r e  w a s  emphy
s e m a ,  i n c l u d i n g  s c a t t e r e d  t i n y ,  a n d  s o m e t i m e s  e v e n  l a r g e ,  f o c i  o f  
p o o r l y - a e r a t e d  t i s s u e .  The l u m i n a  o f  t h e  a l v e o l i  i n  s u c h  s e g m e n t s  
were r i m o s e ,  a n d  t h e  s e p t i  w e r e  t h i c k e n e d  b e c a u s e  o f  d i s p e r s i o n  i n  
them o f  a r g y r o p h i l  f i b e r s  a n d  new c o n n e c t i v e  c e l l s  w h i c h  s o m e t i m e s  
c o n t a i n e d  h e m o s i d  r i n  a n d  d u s t - l i k e  p a r t i c l e s  i n  t h e  p r o t o p l a s m .  
The b r o n c h i ,  a s  a r u l e ,  were s p a r e d ,  a n d  t h e i r  w a l l s  w e r e  t h i c k e n e d  
a n d  i n f i l t r a t e d  w i t h  l y m p h o i d  c e l l s  a n d  h i s t i o c y t e s ,  i n  p l a c e s  
w i t h  a n  a d m i x t u r e  o f  l e u k o c y t e s .  An o v e r g r o w t h  o f  s m a l l  b r o n c h i  
a n d  a l v e o l i  c o u l d  b e  s e e n  o n l y  i n f r e q u e n t l y .  I n  i n d i v i d u a l  v e i n s ,  
w e  f o u n d  b o t h  f r e s h  a n d  o r g a n i z e d  a n d  r e c h a n n e l e d  t h r o m b i  ( F i g .  5 ) .  
M o r e o v e r ,  i n  3 d o g s ,  t h e r L  were f o u n d  f o c i  o f  c a t a r r h a l - p u r u l e n t  
p n e u m o n i a .  

I n  a l l  t h e  a n i m a l s ,  we c 0 u . d  s e e  e x p a n s i o n  o f  t h e  c a p i l l a r i e s  
i n  t h e  c e n t r a l  r e g i o n s  o f  t h e  l o b u l e s  o f  t h e  l i v e r ,  w h i l e  t h e r e  
were s i g n s  o f  l i p h o i d  d y s t r o p h y  i n  t h e  h e p a t i c  c e l l s .  Some d o g s  
showed t h r o m b o s i s  o f  t h e  v e i n s  i n  t h e  l i v e r .  

The c h a n g e s  i n  t h e  s p l e e n  l e d  t o  a d e c r e a s e  i n  t h e  m a g n i t u d e  o f  / 3 0 6  
t h e  f o l l i c l e s  a n d  a n  a c c u m u l a t i o n  o f  h e m o s i d e r i n  i n  t h e  r e t i c u l a r  
c e l l s  o f  t h e  p u l p .  

A d e c r e a s e  i n  t h e  amount  o f  l i p o i d s  i n  t h e  p r o t o p l a s m  o f  t h e  
c e l l s  o f  t h e  c o r t e x  i n  t h e  a d r e n a l  g l a n d s  w a s  o b s e r v e d  i n  a n i m a l s  
w h i c h  were k i l l e d  b e f o r e  3 d a y s  a f t e r  t h e  l a s t  e f f e c t .  Around t h e  
7 - 1 2 t h  d a y s ,  t h e  p e r c e n t a g e  o f  l i p o i d s  i n  t h e  a d r e n a l  g l a n d s  h a d  
r e c o v e r e d .  

I n  t h e  k i d n e y s  o f  a l l  t h e  a n i m a l s  w h i c h  d i e d  or were  k i l l e d  
l a t e r  t h a n  a week a f t e r  t h e  f i r s t  e f f e c t ,  t h e r e  w a s  a n  i n c r e a s e  i n  
t h e  number o f  c e l l s  ( l y m p h o i d  and  e n d o t h e l i a l )  a r o u n d  t h e  c o n d u c t i n g  
a r t e r i e s .  The g l o m e r u l i  w h i c h  were s u p p l i e d  by  s u c h  a r t e r i e s  were 
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p a r t l y  w r i n k l e d .  I n  t h e  c o r t e x  w e  f o u n d  l y m p h o i d - c e l l  i n f i l t r a t e s  
w i t h  a n  a d m i x t u r e  o f  h i s t i o c y t e s .  

T h u s ,  t h e  r e s u l t s  o f  t h e  p a t h o m o r p h o l o g i c a l  e x a m i n a t i o n s  show 
t h a t  r a d i a l  a c c e l e r a t i o n s  a t  v a l u e s  h i g h e r  t h a n  2 . 4  g ,  a c t i n g  a t  
t h e  l e v e l  of t h e  h e a d  �or 20 m i n ,  c a u s e  s i g n i f i c a n t  p a t h o m o r p h o l o g i 
c a l  c h a n g e s  i n  t h e  o r g a n i s m  o f  t h e  d o g s ,  w h i l e  a t  v a l u e s  g r e a t e r  
t h a n  6 g ,  t h e  a n i m a l s  may d i e  d u r i n g  t h e  e x p e r i m e n t .  

A l t h o u g h  e a c h  a n i m a l  h a d  a d i f f e r e n t  t o l e r a n c e  t o  a c c e l e r a t i o n s ,  
t h e  d i f f e r e n c e  i n  t o l e r a n c e  f o r  o n e  d o g  i n  c o m p a r i s o n  w i t h  a n o t h e r  
n e v e r t h e l e s s  d i d  n o t  e x c e e d  1 - 1 . 5  g .  The d o g s ’  t o l e r a n c e  t o  
a c c e l e r a t i o n s  d e p e n d s  on  t h e  m a g n i t u d e  a n d  d u r a t i o n  o f  t h e  l a t t e r  
a n d  t h e  a n g l e  o f  i n c l i n a t i o n  o f  t h e  t r u n k  t o  t h e  a x i s  o f  r o t a t i o n .  
The a n i m a l s  e n d u r e  t h e  a c c e l e r , a t i o n s  much b e t t e r  when t h e  a n g l e  o f  
i n c l i n a t i o n  o f  t h e  t r u n k  t o  t h e  a x i s  o f  r o t a t i o n  i s  20°  t h a n  when 
i t  i s  9 0 ° .  The d i f f e r e n c e  i n  t h e  m a g n i t u d e  o f  t h e  a c c e l e r a t i o n  
i n  t h i s  c a s e  i s  r o u g h l y  e q u a l  t o  2 . 5 - 3  g .  

D e s p i t e  t h e  v a r y i n g  c o n d i t i o n s  o f  t h e  e x p e r i m e n t s ,  t h e  p a t h o 
m o r p h o l o g i c a l  p i c t u r e  f o r  t h e  c h a n g e s  i n  t h e  o r g a n s  w a s  i d e n t i c a l .  
I n  a l l  t h e  a n i m a l s  w h i c h  d i e d  d u r i n b  t h e  e x p e r i m e n t ,  t h e  d i s o r d e r  
i n  t h e  b l o o d  c i r c u l a t i o n  w a s  o f  p r i m a r y  i m p o r t a n c e  d u r i n g  t h e  a u t o p 
s y :  t h e  s t a s i s  o f  t h e  b l o o d  i n  t h e  c a v i t i e s  o f  t h e  r i g h t  h e a r t ,  
i n  t h e  v e n a  c a v a ,  t h e  l i v e r ,  a n d  t h e  r e g i o n s  a r o u n d  t h e  r a d i c e s  o f  
t h e  L u n g s ;  h e m o r r h a g e s  b e n e a t h  t h e  p i a  m a t e r ,  f r o i . t a 1  a n d  h i g h 
m o r i t i c  s i n u s e s ,  i n  t h e  r e t i n a  o f  t h e  e y e  a n d  i n  t h e  l u n g s .  

I n  a d d i t i o n  t o  t h e  h e m o r r h a g e s  w h i c h  c a n  b e  s e e n  by t h e  e y e ,  
t h e r e  w e r e  a l s o  s m a l l  h e m o r r h a g e s  i n  t h e  m e d u l l a ,  m y o c a r d i u m ,  a n d  
l i v e r ,  v i s i b l e  u n d e r  a m i c r o s c o p e .  The d i s o r d e r s  o f  t h e  b l o o d  
c i r c u l a t i o n  i n  t h e s e  o r g a n s  w e r e  combined  w i t h  edema:  p e r i v a s c u l a r ,  
p e r i c e l l u l a r ,  a n d  p e r i n e u r a l  edema i n  t h e  c e r e b r u m ,  a n d  p e r i v a s c u 
l a r  edema i n  t h e  l u n g s ,  m y o c a r d i u m ,  a n d  l i v e r .  I n  a d d i t i o n  t o  t h i s ,  
t h e r e  w e r e  t h e  i n i t i a l  s i g n s  o f  d y s t r o p h y  i n  t h e  g a n g l i o n i c  c e l l s  
o f  t h e  c e r e b r u m ;  i n  t h e  h e a r t ,  t h e r e  w a s  p r o t e i n i c  d y s t r o p h y ,  a n d  
i n  t h e  l i v e r ,  v a c u o l a r  d y s t r o p h y  o f  t h e  h e p a t i c  c e l l s .  

I n  t h o s e  c a s e s  when t h e  a n i m a l  d i d  n o t  d i e  d u r i n g  t h e  e x p e r i 
ment  b u t  w a s  k i l l e d ,  n o  s i g n s  o f  a d i s o r d e r  i n  t h e  b l o o d  c i r c u l a t i o n  
w e r e  n o t e d  by t h e  t h i r d  d a y .  The h e m o r r h a g e s  a n d  e d e m a t a  b e g a n  t o  
d i s s i p a t e .  However ,  t h e  c h a n g e s  i n  t h e  o r g a n s  w h i c h  o c c u r r e d  a s  a 
r e s ’ u l t  o f  t h e  a c c e l e r a t i o n s  c o n t i n u e d  t o  d e v e l o p  f u r t h e r .  T h i s  i s  
p a r t i c u l a r l y  e v i d e n t  i n  t h e  e x a m p l e  o f  t h e  a n i m a l s  w h i c h  were s u b 
j e c t e d  t o  a c c e l e r a t i o n s  r e p e a t e d  many t i m e s .  I n  t h e  o r g a n s  o f  s u c h  
d o g s ,  t h e r e  w e r e  a f t e r e f f e c t s  o f  p r e v i o u s l y  i n t e n s e  c h a n g e s ,  t h e  
q u a n t i t y  and  q u a l i t y  of  w h i c h  d e p e n d e d  m a i n l y  on  t h e  m a g n i t u d e ,  
d u r a t i o n , ,  a n d  f r e q u e n c y  o f  t h e  a c c e l e r a t i o n s  t h e y  t o l e r a t e d .  
T h u s ,  t h e r e  w a s  a n  e x p a n s i o n  o f  t h e  v e n t r i c l e s  i n  t h e  c e r e b r u m  ( a l l  
t h e  way t o  a f o r m a t i o n  o f  i n t e r n a l  d r o p s y ) ,  d y s t r o p h i c  p r o c e s s e s  
i n  t h e  g a n g l i o n i c  c e l l s ,  e v e n  l e a d i n g  t o  d e a t h .  I n  t h e  h e a r t ,  t h e r e  
w e r e  h y p e r t r o p h y  o f  t h e  v e n t r i c l e s ,  f o c i  o f  m i c r o m y o m a l a c i a ,  a n d  
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thrombosis of the cavities in the right heart and the veins of the 

epicardium. In the lungs, there were thrombosis of the veins and 

focal pneumonia, arising against a background of hemorrhages, edema, 

and atelactases; in some cases, the exudative inflammation becomes 

productive, leaving sclerotic changes and emphysema. In the liver, 

there are phenomena which are reminiscent of chronic insufficiency 

for the right heart (signs of "nutmeg liver") and thrombosis of the 

veins. In the kidneys, there are productive processes around the 

conducting arteries and in the glomeruli. In the adrenal glands, 

there is a disappearance of the lipoids from the protoplasm of the 

cells in the cortex. 


On the basis of the above-described observations, we can as

sume that the origin of all the morphological changes occurring 

during the effect of radial acceleration on an organism is an in

tense disorder in the blood circulation, mainly in the lesser system. 

As a result of the decompensation of the right ventricle of the 

heart, the conditions are produced for stasis of the blood in the 

vena cava, and for its insufficient entry into the system of the 

left ventricle. This subsequently leads to hypoxia, mainly of the 

cerebrum and myocardium. These changes are, in all probability, 

the principal cause of death. Moreover, the disorder in the fluid 

circulation in the cerebrum, and the stasis in the latter, are of 

definite significance in the mechanism of death. 
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THE EFFECT OF F~LPEATEDACCELERATION or1 THE HISTOLOGICAL 
STRUCTURE OF THE LIVER 

Ye.F. K o t o v s k i y ,  T . V .  S p e r a n s k a y a ,  and A .  Y a t s k o v s k i y  

ABSTRACT: The e f f e c t  o f  r e p e a t e d ,  t r a n s v e r s e  Zy
d i r e c t e d  a c c e Z e r a t i o n s ,  w i t h  v a l u e s  up t o  1 2  
u n i t s ,  on t h e  h i s t o l o g i c a l  s t r u c t u r e  of t h e  Z i v e r  
was examined i n  d o g s .  The r e p e a t e d  a c c e l 
e r a t i o n s  cause  t h e  appearance  of venous  hyperemia ,  
hemorrhaging,  emboZism and t h r o m b o s i s  o f  t h e  v e s 
s e Z s ,  v a c u o Z i z a t i o n  of t h e  c y t o p l a s m  i n  t h e  h e p a t i c  
c e l l s ,  and a d e c r e a s e  in t h e  c o n t e n t  of RNA and 
a-amino a c i d s  in t h e s e  ceZZs .  These  changes  a r e  
s i m i l a r  t o  t h o s e  which  a r e  o b s e r v e d  d u r i n g  t h e  
e f f e c t  of s i n g l e  s t r e s s e s  of 8 - 1 2  units. 

On t h e  b a s i s  of t h e  dynamics  of deveZopment
and t h e  d e g r e e  of t h e  changes  o b s e r v e d  in t h e  
e x p e r i m e n t ,  t h e  a u t h o r s  assume t h a t  a d a p t i v e  r e 
a c t i o n s  which  d e c r e a s e  t h e  i n j u r i o u s  e f f e c t  of 
a c c e l e r a t i o n  a r e  produced  d u r i n g  r e p e a t e d  a c c e l 
e r a t i o n s .  

The p u r p o s e  o f  o u r  s t u d y  w a s  t o  e x a m i n e  t h e  h i s t o l o g i c a l  s t r u c 
t u r e  o f  t h e  l i v e r  a f t e r  t h e  r e p e a t e d  e f f e c t  o f  t r a n s v e r s e  a c c e l 
e r a t i o n s  on a n  o r g a n i s m .  T h e s e  p r o b l e m s  h a v e  n o t  b e e n  g i v e n  d u e  
c o n s i d e r a t i o n  i n  s c i e n c e .  The e x a m i n a t i o n s  w e r e  c o n d u c t e d  on 1 4  
d o g s ,  e a c h  o f  w h i c h  w a s  s u b j e c t e d  t o  t h e  r e p e a t e d  e f f e c t  o f  a c e e l 
e r a t i o n i n  a c e n t r i f u g e .  The a c c e l e r a t i o n s  i n c r e a s e d  i n  v a l u e  
f r o m  3 t o  1 2  u n i t s ,  a n d  t h e i r  d i r e c t i o n  w a s  " c h e s t - b a c k " .  The 
i n t e r v a l s  b e t w e e n  t h e  e f f e c t s  d i d  n o t  e x c e e d  48 h o u r s .  The a n i m a l s  
w e r e  k i l l e d  w i t h  e t h e r ,  1 h o u r ,  1, 3 ,  7 ,  1 5 ,  3 0 ,  a n d  6 0  d a y s  a f t e r  
t h e  l a s t  s t r e s s e s  i n  t h e  c e n t r i f u g e .  F o r  t h e  e x a m i n a t i o n ,  we e x 
c i s e d  p o r t i o n s  o f  t h e  v e n t r a l ,  c e n t r a l ,  a n d  d o r s a l  r e g i o n s  o f  t h e  
l i v e r .  The s e c t i o n s  w e r e  s t a i n e d  w i t h  hematoxylin-eosin b y  t h e  
M a l l o r y  m e t h o d ,  w i t h  Sudan  I11 by t h e  method o f  B r a s h e  a n d  F e h l g e n ,  
a n d  w i t h  a - a m i n o  a c i d s .  

W i t h i n  1 h o u r  a f t e r  t h e  l a s t  e f f e c t  o f  a n  a c c e l e r a t i o n ,  
t h e r e  a r e  s h a r p l y - o u t l i n e d  f o c i  o f  o l d  h e m o r r h a g e s  w i t h  a r o u n d e d  
o r  e l o n g a t e d  s h a p e  i n  t h e  l i v e r ,  i n s i d e  a n d  b e t w e e n  t h e  h e p a t i c  
l o b e s .  The f o c i  o f  t h e s e  h e m o r r h a g e s  a r e  s t r o n g l y  i n f i l t r a t e d  b y  
l e u k o c y t e s  a n d ,  t o  a l e s s e r  d e g r e e ,  by m a c r o p h a g i c  e l e m e n t s  ( F i g .  
1). I n  t h e  f o c u s  o f  a h e m o r r h a g e ,  among t h e  c e l l u l a r  e l e m e n t s  o f  
t h e  b l o o d  a n d  t h e  c o n n e c t i v e  t i s s u e ,  w e  c a n  s o m e t i m e s  s e e  i n d i v i d u a l  
d y i n g  h e p a t i c  c e l l s ,  w i t h  a p o o r l y - s t a i n e d  c y t o p l a s m  a n d  p y k n o t i c  
n u c l e i ,  a s  w e l l  a s  f r a g m e n t s  of  t h e  w a l l s  f r o m  d e s t r o y e d  i n t e r l o b u 
l a r  v e s s e l s  a n d  b i l e  d u c t s .  O b v i o u s l y ,  t h e s e  h e m o r r h a g e s ,  i n  t h e  
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r e g i o n  o f  which l e u k o c y t i c  and p a r t l y  macrophagic  r e a c t i o n s  d e v e l o p ,  
d i d  n o t  occur  d u r i n g  t h e  l a s t  e f f ec t  o f  a n a c c e l e r a t i o n ;  t h e y  a r e  
t h e  r e s u l t  o f  p r e v i o u s  c e n t r i f u g i n g  o f  t h e  a n i m a l s .  F r e s h  hemor
r h a g e s  a r e  found i n f r e q u e n t l y .  The venous p l e t h o r a ,  r e l a t e d  to t h e  
expans ion  o f  ' t h e  i n t e r l o b u l a r  and s u b l o b u l a r  v e i n s ,  i s  n o t  v e r y  
pronounced.  A s  a r u l e ,  t h e  i n t r a l o b u l a r  c a p i l l a r i e s  a re  n-ot ex
panded ,  and i n  some p a r t  o f  t h e  l i v e r  t h e y  are  even  somewhat con- /309 
t r a c t e d  ( p o s s i b l y  b e c a u s e  o f  t h e  s w e l l i n g  o f  t h e  h e p a t i c  c e l l s ) .  
The h e p a t i c  c e l l s ,  e s p e c i a l l y  i n  t h e  c e n t r a l  r e g i o n s  o f  t h e  l o b e s ,  
a r e  e n l a r g e d .  T h e i r  cy top la sm i s  l i g h t  and a l m o s t  s t r u c t u r e l e s s ,  
and t h e y  have v e r y  n o t i c e a b l e  b o u n d a r i e s  ( t h e  h e p a t i c  c e l l s  s e e m  t o  
be s w o l l e n ) .  The cy top la sm i s  v e r y  weakly s t a i n e d  when w e  u s e  t h e  
methods f o r  d e t e c t i n g  t h e  RNA and t h e  a-amino a c i d s .  The n u c l e i  o f  
t h e  h e p a t i c  c e l l s  have  a s t r u c t u r e  which i s  normal  f o r  them. 

One day  a f t e r  t h e  e f f ec t  o f  t h e  a c c e l e r a t i o n s ,  o l d  hemor
r h a g e s  i n f i l t r a t e d  w i t h  l e u k o c y t e s  and macrophages can  be found .  
The hemorrhages can r e a c h  0 . 5  mm i n  d i a m e t e r .  There  are  no f r e s h  
hemorrhages.  The c o l l e c t i n g ,  c e n t r a l ,  and (to a lesser  d e g r e e )  
i n t e r l o b u l a r  v e i n s  are somewhat expanded,  and t h e i r  l umina  are  
f i l l e d  w i t h  t h e  formed e l e m e n t s  o f  t h e  b l o o d .  M e  o b t a i n  t h e  impres
s i o n  t h a t  t h e  w a l l s  of some i n t e r l o b u l a r  v e i n s  and a r te r ies  a re  
t h i c k e n e d  because  o f  a h y p e r t r o p h y  o f  t h e  smooth-muscle c e l l s .  The 
p o s s i b i l i t y  t h a t  t h e  l a t t e r  might  be h y p e r t r o p h i c  can be d e t e r m i n e d  
a c c o r d i n g  t o  t h e  increase of  t h e  n u c l e i  - t h e  n u c l e i  have  a n  o v a l  
or even round s h a p e .  I n  c e r t a i n  i n t e r l o b u l a r  a r t e r i e s ,  t h e  t u n i c a  
m u s c u l a r i s  i s  h y p e r t r o p h i c  on o n l y  one s i d e - o f  t h e  v e s s e l  w a l l ;  on 
t h e  o t h e r  s i d e  it becomes v e r y  s m a l l  or even  d i s a p p e a r s .  The w a l l s  

F i g .  1. Hemorrhage i n  t h e  L i v e r ,  I n f i l t r a t e d  w i t h  Leukocy tes ,  1 
Hour A f t e r  t h e  E f f e c t  o f  t h e  1 a s t A c c e l e r a t i o n .  S t a i n i n g  w i t h  

Hematoxylin-Eosin. 
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of  t h e  c o l l e c t i n g  v e i n s  a l s o  become t h i c k e r  b e c a u s e  o f  an i n c r e a s e  
i n  t h e  m a s s  o f  t h e  c o n n e c t i v e  t i s s u e  i n  them. I n  a d d i t i o n  to a /310 
modera te  venous hyperemia ,  t h e  i n t e r l o b u l a r  lymph v e s s e l s  are con
s i d e r a b l y  expanded i n  a number o f  c a s e s ,  and w e  can f i n d  e r y t h r o 
c y t e s  i n  t h e i r  lumina .  T h e  i n t r a l o b u l a r  c a p i l l a r i e s  m a i n l y  have  a 
normal  s t r u c t u r e  and r e g u l a r  d imens ions .  It i s  o n l y  i n  t h e  r e g i o n  
o f  t h e  a n t e r i o r  b o r d e r  o f  t h e  l i v e r ,  under  t h e  c a p s u l e ,  t h a t  t h e  
c a p i l l a r i e s  are expanded and  o v e r f i l l e d  w i t h  b l o o d .  I n  t h e  s a m e  
r e g i o n s  o f  t h e  l i v e r  ( i n  s m a l l  a r e a s )  t h e r e  i s  a n  i n s i g n i f i c a n t  
i n f i l t r a t i o n  o f  t h e  parenchyma w i t h  l e u k o c y t e s  a l o n g  t h e  p a t h  o f  
t h e  c a p i l l a r i e s .  The h e p a t i c  ce l l s  i n  t h e  c e n t r a l  r e g i o n s  o f  t h e  
h e p a t i c  l o b e s  have  a l i g h t  , w e a k l y - s t a i n e d  cy top la sm and  clearly-
marked b o u n d a r i e s .  A t  t h e  p e r i p h e r y  o f  t h e  l o b u l e s ,  t h e  cy top la sm 
of  t h e  h e p a t i c  ce l l s  i s  more i n t e n s e l y  s t a i n e d - w i t h  dye .  I n  t h e  
d o r s a l  r e g i o n s  o f  t h e  l i v e r ,  t h e r e  a re  s m a l l  f o c i  w i t h  a d i a m e t e r  
o f  a b o u t  2 0 0  p, which d i f f e r  s h a r p & y  from t h e  r e m a i n i n g  h e p a t i c  
t i s s u e  b y  t h e i r  w h i t e  c o l o r .  These  f o c i  c o n s i s t  o f  s w o l l e n  p a r t l y  
d e s t r o y e d  h e p a t i c  c e l l s ,  i n  which t h e  cy top la sm i s  n o t  s t a i n e d  w i t h  
dye ( a s  i f  i t  w e r e  n o t  t h e r e ) ;  Many c e l l s  are s t r i p p e d  o f  n u c l e i ;  
i n  o t h e r s ,  t h e y  become p y k n o t i c  ( F i g .  2 ) .  I n  s u c h  ce l l s  i n  t h e  
cy top la sm,  t h e r e  a re  no s i g n s  o f  R N A ,  and a l m o s t  no a-amino a c i d .  
I n  t h e  r e m a i n i n g  h e p a t i c  c e l l s ,  t h e  RNA c o n t e n t  r ema ins  somewhat 
d e c r e a s e d ,  i n  compar ison  w i t h  t h e  c o n t r o l .  T h i s  o c c u r s  to a g r e a t  
d e g r e e  i n  t h e  c e l l s  o f  t h e  c e n t r a l  r e g i o n s  of  t h e  l o b u l e s  and (to 
a l e s s e r  d e g r e e )  a t  t h e  p e r i p h e r y  o f  t h e  l o b u l e s .  The q u a n t i t y ,  o f  
a-amino a c i d  i n c r e a s e s  i n  compar ison  w i t h  t h e  p r e c e d i n g  p e r i o d ,  b u t  
it s t i l l  remains  lowex- t h a n  t h e  norm. Desquamation o f  t h e  e p i t h e l i u m  
i n  t h e  w a l l ,  as w e l l  as a d i p o s i s  o f  t h e  cy top la sm i n  t h e  e p i t h e l i a L  
c e l l s  ( i n  s m a l l  d r o p s ) ,  are  o b s e r v e d  i n  c e r t a i n  b i l e  d u c t s .  

F i g .  2 .  E x t r e m e  Degree o f  V a c u o l i z a t i o n  o f  t h e  H e p a t i c  C e l l s ,  One 
Day A f t e r  t h e  E f f e c t  o f  t h e  L a s t  A c c e l e r a t i o n .  S t a i n i n g  w i t h  

Hematoxyl in-Eosin 
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During t h e  t h i r d  t o  s e v e n t h  days  a f te r  t h e  e f f e c t  o f  t h e  /311 
a c c e l e r a t i o n s ,  t h e  n a t u r e  o f  t h e  v a s c u l a r  changes  r ema ins  a l m o s t  
t h e  s a m e .  A s  b e f o r e ,  t h e r e  are  f o c i  o f  o l d  hemorrhages ,  which a re  
i n f i l t r a t e d  w i t h  l e u k o c y t e s  and macrophages.  The w a l l s  o f  t h e  i n t e r -
l o b u l a r  and c o l l e c t i n g  v e i n s ,  as w e l l  as t h o s e  o f  t h e  i n t e r l o b u l a r  
a r t e r i e s ,  a re  somewhat h y p e r t r o p h i c  i n  a number of  cases. The s i g n s  
of  venous hyperemia  a re  weakly e x p r e s s e d  on t h e  t h i r d  day ,  w h i l e  
t h e y  a re  l a c k i n g  e n t i r e l y  on t h e  s e v e n t h  day .  However, t h e  i n t e r -
l o b u l a r  lymph v e s s e l s  r ema in  expanded,  p a r t i c u l a r l y  t h o s e  which are 
l o c a t e d  a l o n g  t h e  c o u r s e  o f  t h e  c o l l e c t i n g  v e i n s .  I n  t h e  lumina  of  
c e r t a i n  l a r g e  i n t e r l o b u l a r  and s u b l o b u l a r  v e i n s ,  t h e r e  a re  s m a l l  
embo l i  which c o n s i s t  o f  s e v e r a l  or i n d i v i d u a l  h e p a t i c  c e l l s .  The 
embol i  a re  sometimes i n f i l t r a t e d  w i t h  l e u k o c y t e s .  I n  one case, 
t h e  embolus w a s  a t t a c h e d  t o  t h e  w a l l  o f  t h e  v e s s e l ,  c o v e r i n g  more 
t h a n  h a l f  o f  i t s  lumen ( F i g .  3). The i n t e r l o b u l a r  c o n n e c t i v e  t i s 
s u e  s u r r o u n d i n g  s m a l l  i n t e r l o b u l a r  and c o l l e c t i v e  v e i n s  i s  r i c h  i n  
l e u k o c y t e s ,  among which lymphocytes  p redomina te .  I n  t h e  h e p a t i c  
c e l l s  , w e  can  n o t e  more e x t e n s i v e  s - t a i n i n g  of  t h e i r  cy top la sm t h a n  
i n  t h e  c o n t r o l ,  d u r i n g  t h e  d e t e c - t i o n  o f  RNA and a-amino a c i d s .  

The f i f t e e n t h  day a f t e r  t h e  e f f e c t  of t h e  a c c e l e r a t i o n  i s  
c h a r a c t e r i z e d  by t h e  p r e s e n c e  o f  r emnan t s  o f  t h o s e  p r o c e s s e s  whose 
development  w e  obse rved  dup ing  t h e  ea r l i e r  p e r i o d s  o f  t h e  e x p e r i 
men-t. S i n g l e  f o c i  o f  o l d  hemorrhages a re  found .  They are  i n t e n s e l y  
i n f i l t r a t e d  w i t h  l e u k o c y t e s ,  among which t h e r e  are macrophages and 
some f i b r o b l a s t s .  The w a l l s  o f  c e r t a i n  i n t e r l o b u l a r  a r t e r i e s  and 

F i g .  3 .  Embolus o f  H e p a t i c  C e l l s  , I n f i l t r a t e d  w i t h  Leukocy tes ,  
Cover ing  More t h a n  H a l f  t h e  Lumen o f  a n  T n t e r l o b u l a r  Vein ,  .Seven 
Days A f t e r  t h e . . E f f e c t  o f  t h e  L a s t  A c c e l e r a t i o n .  S t a i n i n g  w i t h  

Hematoxyl in-Eosin.  
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v e i n s  a r e  g r e a t l y  h y p e r t r o p h i c .  The h y p e r t r o p h y  i s  n o t  u n i f o r m  i n  
some a r t e r i e s  a n d  v e i n s :  t h e  w a l l  o f  t h e  v e s s e l  i s  much t h i c k e r  on 
o n e  s i d e  t h a n  on t h e  o t h e r .  The number o f  m u s c u l a r  e l e m e n t s  i n  t h e  
c o m p o s i t , i o n  o f  t h e  s p h i n c t e r s  w h i c h  a r e  l o c a t e d  i n  t h e  w a l l s  o f  t h e  
s u b l o b u l a r  v e i n s  i n c r e a s e s .  A s  a r u l e ,  t h e  s p h i n c t e r s  a r e  c o n t r a c t e d ,  
s o  t h a t  t h e  s u b l o b u l a r  v e i n s  i n  t h e  l o n g i t u d i n a l  s e c t i o n s  h a v e  a 
b e a d e d  a p p e a r a n c e .  The i n t e r l o b u l a r  c o n n e c t i v e  t i s s u e  a l o n g  t h e  
c o u r s e  o f  t h e  s u b l o b u l a r  v e i n s  i s  s t r o n g l y  i n f i l t r a t e d  w i t h  l e u k o 
c y t e s ,  a n d  t h e  p e r i v a s c u l a r  lymph v e s s e l s  a r e  e x p a n d e d  ( t h e i r  l u m i n a  
a r e  p a t e n t ) .  I n  o n e  c a s e ,  i n  t h e  l a r g e  b r a n c h  o f  t h e  h e p a t i c  v e i n  
( d i a m e t e r  a b o u t  1 mm), t h e r e  w a s  a n  o r g a n i z e d  t h r o m b o s i s  w h i c h  
o c c u p i e d  t w o - t h i r d s  o f  t h e  lumen o f  t h e  v e s s e l .  The h e p a t i c  c e l l s  
h a v e  a s t r u c t u r a l  p i c t u r e  w h i c h  i s  n o r m a l  f o r  t h e m .  We c a n  c o n s i d e r  
t h a t  t h e  b l o o d  c i r c u l a t i o n  i n  t h e  l i v e r  d u r i n g  t h i s  t i m e ,  d e s p i t e  
t h e  p r e s e n c e  o f  t h e  r e m a n e n t  phenomena ,  i s  i n  a c o n d i t i o n  o f  com
p l e t e  c o m p e n s a t i o n .  

A f t e r  3 0  d a y s ,  t h e  s t r u c t u r a l  p i c t u r e  o f  t h e  l i v e r  i s  s i m i l a r  
t o  t h a t  d e s c r i b e d  a b o v e .  A c e r t a i n  h y p e r t r o p h y  o f  t h e  w a l l s  i n  t h e  
i n t e r l o b u l a r  v e s s e l s  i s  p r e s e r v e d ;  h o w e v e r ,  i t  i s  l e s s  p r o n o u n c e d  
t h a n  d u r i n g  t h e  p r e c e d i n g  p e r i o d .  I t  i s  p o s s i b l e  t h a t  t h e  h y p e r 
t r o p h y  i n  t h e  w a l l s  of t h e  v e s s e l s  i s  a t e m p o r a r y  c o m p e n s a t o r y  
phenomenon w h i c h  d e v e l o p s  u n d e r  t h e  c o n d i t i o n s  o f  a d i s o r d e r e d  
b l o o d  c i r c u l a t i o n .  The i n f i l t r a t i o n  o f  t h e  i n t e r l o b u l a r  c o n n e c t i v e  
t i s s u e  w i t h  l e u k o c y t e s  i s  a l s o  p r e s e r v e d .  T h e r e  a r e  no  c h a n g e s  i n  
t h e  h e p a t i c  c e l l s .  

S i x t y  d a y s  a f t e r  t h e  l a s t  c e n t r l f u g i n g ,  t h e  l i v e r  i n  o n e  d o g  
h a s  a r e g u l a r  s t r u c t u r e ,  w h i l e  i t  i s  a l t e r e d  i n  t h e  o t h e r  d o g .  I n  
t h i s  d o g ,  we n o t e  f i r s t  o f  a l l  t h e  s t r o n g  i n f i l t r a t i o n  o f  t h e  i n t e r -
l o b u l a r  c o n n e c t i v e  t i s s u e  w i t h  l e u k o c y t e s .  Among t h e  l e u k o c y t e s ,  
t h e r e  a r e  many l y m p h o c y t e s  a n d  e o s i n o p h i l s .  I n f i l t r a t i o n  o f  s e g 
m e n t s  o f  t h e  h e p a t i c  l o b u l e s  w i t h  l e u k o c y t e s  i s  f o u n d  l e s s  f r e q u e n t l y .  
The i n f i l t r a t i o n  o f  t h e  i n t e r l o b u l a r  c o n n e c t i v e  t i s s u e  i s  n o t  i d e n t i 
c a l  e v e r y w h e r e .  The c o n n e c t i v e  t i s s u e  a l o n g  t h e  s m a l l  i n t e r l o b u l a r  
v e s s e l s  i s  s t r o n g l y  i n f i l t r a t e d ;  a l o n g  t h e  l a r g e  v e s s e l s ,  i t  i s  
much w e a k e r .  We o b t a i n  t h e  i m p r e s s i o n  t h a t  t h e  c o n n e c t i v e  t i s s u e  
b e t w e e n  t h e  h e p a t i c  l o b u l e s  i s  somewhat  e x p a n d e d .  T h e s e  c h a n g z s ,  
o b v i o u s l y ,  d o  n o t  h a v e  a d i r e c t  r e l a t i o n s h i p  w i t h  t h e  e f f e c t  o f  
a c c e l e r a t i o n s  o n  a n  o r g a n i s m .  T h u s ,  r e p e a t e d  a c c e l e r a t i o n s ,  
w i t h  i n t e r v a l s  o f  3 6 - 4 8  h o u r s  b e t w e e n  e f f e c t s ,  c a u s e  c h a n g e s  i n  t h e  / 3 1 3  
s y s t e m  a n d  t h e  h e p a t i c  c e l l s  i n  t h e  l i v e r .  T h e s e  c h a n g e s  a r e  s i m i l a r  
t o  t h o s e  w h i c h  w e  o b s e r v e d  d u r i n g  p r e v i o u s  s t u d i e s  u s i n g  s i n g l e  
a c c e l e r a t i o n s .  However ,  f o r  t h e  r e p e a t e d  e f f e c t  o f  a c c e l 
e r a t i o n s ,  e v e n  f o r  t h e  a n i m a l s  w h i c h  were k i l l e d  d u r i n g  t h e  f i r s t  
h o u r  a f t e r  t h e  l a s t  c e n t r i f u g i n g ,  t h e  r e g i o n  o f  t h e  h e m o r r h a g e s  ( a s  
a r u l e )  w a s  i n f i l t r a t e d  w i t h  l e u k o c y t e s  a n d  macisophages .  T h e r e  w e r e  
a l m o s t  no  f r e s h  h e m o r r h a g e s .  We m u s t  a s s u m e  t h a t  t h e  h e m o r r h a g e s  
w e r e  c a u s e d  by t h e  p r e v i o u s  r o t a t i o n  o f  t h e  a n i m a l s  i n  t h e  c e n t r i 
f u g e ,  a n d  n o t  by  t h e  l a t e r  r o t a t i o n s .  

On t h e  b a s i s  o f  t h e s e  f a c t s ,  w e  c a n  a s s u m e  t h a t  r e p e a t e d  
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a p p l i c a t i o n  of a c c e l e r a t i o n s  p r o d u c e s  a d a p t a t i v e  r e a c t i o n s  i n  
a n i m a l s  d u r i n g  t h e  e x p e r i m e n t s  a n d  t h a t  t h e  r e a c t i o n s  l a s t  more 
t h a n  t w o  w e e k s .  The a d a p t i v e  r e a c t i o n s  d e c r e a s e d  t h e  i n j u r i o u s  
e f f e c t  o f  t h e  l a s t  a c c e l e r a t i o n s ,  whose  v a l u e  r e a c h e d  1 2  u n i t s .  
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EFFECT OF MAXIPidM TOLERABLE STRESSES WITH TIME ON THE 
HISTOSTRUCTURE OF THE LIVER I N  MONKEYS 

Ye.F.  Kotov7kiy a n d  T . V .  Speranskaya 

ABSTRACT: The effect of transverse, maximum 
toZerab Ze stresses with time, repeated 1 2  times, 
on the structure of the Ziver was examined in 
monkeys. The authors observed venous hyperemia,
destruction of the ceZZs in the bZood vesseZ . 
and hemorrhages as we22 as thrombosis of the 
vessezs, vacuoZization and adiposis of the cyto
pZasm in the hepatic ceZZs; there was aZso a 
decrease in the quantity of RNA and a-amino 
acids in the hepatic cetls. The changes had a 
recoverabZe nature. 

A t  t h e  p r e s e n t ,  i n  r e l a t i o n  t o  t h e  s u c c e s s f u l  c o n q u e s t  o f  
s p a c e ,  s t u d i e s  d e a l i n g  w i t h  t h e  p r o b l e m  o f  t h e  e f f e c t  o f  f l i g h t  
f a c t o r s ,  p a r t i c u l a r l y  a c c e l e r a t i o n s ,  o n  t h e  h i s t o s t r u c t u r e  o f  t h e  
t i s s u e s  a n d  o r g a n s  a r e  r a p i d l y  becoming  more n u m e r o u s .  The i n t e r 
n a l  o r g a n s  o f  v a r i o u s  e x p e r i m e n t a l  a n i m a l s  w h i c h  w e r e  s u b j e c t e d  t o  
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s i n g l e  a n d  r e p e a t e d  e f f e c t s  o f  t r a n s v e r s e l y - d i r e c t e d  
( l i m i t e d  i n  v a l u e  a n d  t i m e )  h a v e  b e e n  e x a m i n e d .  The 
i n d i c a t e  t h a t  t h e r e  a r e  r e g u l a r  h i s t o s t r u c t u r a l  a n d  
c h a n g e s  o c c u r r i n g  i n  t h e  v a s c u l a r  s y s t e m  a n d  i n  t h e  
e l e m e n t s  o f  t h e  o r g a n s  [ l - 3 ,  4 ,  6 1 .  I n  r e l a t i o n  t o  

s t r e s s e s  
d a t a  o b t a i n e d  

h i s t o c h e m i c a l  
p a r e n c h y m a t o u s  
t h e  l i v e r ,  i t  

i s  w e l l  known t h a t  a c c e l e r a t i o n s  c a n  c a u s e  d e f o r m a t i o n  o f  t h e  
e x t e r n a l  s h a p e  o f  t h e  o r g a n ,  h e m o r r h a g e s ,  a n d  v a c u o l i z a t i o n  a n d  a d i 
p o s i s  o f  t h e  h e p a t i c  c e l l s  [ 5 .  7 - 9 3 .  

The p u r p o s e  o f  t h i s  s t u d y  w a s  t o  e x a m i n e  t h e  e f f e c t  o f  maximum 
t o l e r a b l e  t r a n s v e r s e  s t r e s s e s  w i t h  t i m e  ( r e p e a t e d  1 2  t i m e s )  on t h e  
h i s t o s t r u c t u r e  o f  t h e  l i v e r  i n  monkeys ( r h e s u s  a n d  b a b o o n s ) .  The 
f o l l o w i n g  c h a r a c t e r i s t i c s  w e r e  c o n s i d e r e d  a s  t h e  c r i t e r i o n  f o r  
t o l e r a n c e :  p r o l o n g e d  s u p p r e s s i o n  o r  a r r e s t  o f  r e s p i r a t i o n ,  s i g n i f i 
c a n t  t a c h y c a r d i a  or d i s o r d e r s  i n  t h e  f u n c t i o n  o f  a u t o m a t i s m ,  e x 
c i t a b i l i t y  a n d  c o n d u c t i v i t y  of t h e  c a r d i a c  m u s c l e .  The t i m e  f o r  
t o l e r a n c e ,  i n  r e l a t i o n  t o  t h e  i n d i v i d u a l  f e a t u r e s  o f  t h e  a n i m a l s ,  
v a r i e d  f r o m  1 t o  5 m i n u t e s .  

We e x a m i n e d  1 3  a n i m a l s  i n  a l l .  The monkeys w e r e  k i l l e d  w i t h  / 3 1 4-
e t h e r  30 m i n u t e s ,  1 h o u r ,  a n d  1 a n d  3 d a y s  a f t e r  t h e  e f f e c t  o f  t h e  
a c c e l e r a t i o n s .  For t h e  e x a m i n a t i o n ,  we e x c i s e d  p o r t i o n s  o f  t h e  
v e n t r a l ,  c e n t r a l ,  a n d  d o r s a l  r e g i o n s  of t h e  l i v e r .  P a r a f f i n  a n d  
c e l l o i d i n  s e c t i o n s ,  a s  w e l l  a s  s e c t i o n s  p r e p a r e d  on a f r e e z i n g  
m i c r o t o m e ,  w e r e  s t a i n e d  w i t h  h e m o t o x y l i n - e o s i n  ( b y  t h e  M a l l o r y  
m e t h o d )  a n d  w i t h  Sudan  I11 ( b y  t h e  me thod  of B r a s h e  a n d  F e h l g e n ) .  
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R E S  J L T S  

T h i r t y  minu tes  a f t e r  t h e  e f f e c t  o f  t h e  a c c e l e r a t i o n s ,  t h e r e  
a re  s i g n s  o f  venous and (to a lesser  d e g r e e )  c a p i l l a r y  hyperemia i n  
t h e  l i v e r .  These v e s s e l s  are  g r e a t l y  dxpanded and f i l l e d  w i t h  
formed e l e m e n t s  o f  t h e  b lood .  These changes  a r e  most s i g n i f i c a n t l y  . 
pronounced i n  t h e  d o r s a l  r e g i o n s  o f  t h e  l i v e r ,  i n  t he  c e n t r a l  and 
c o l l e c t i n g  v e i n s .  I n  many c e n t r a l ,  c o l l e c t i n g ,  and i n t e r l o b u l a r  
v e i n s ,  w e  can  o b s e r v e  a s w e l l i n g  o f  t h e  n u c l e i ,  f o g g i n g ,  and vacuo
l i z a t i o n  o f  t h e  p r o t o p l a s m  i n  t h e  eLA.13 the l i a lc e l l s ,  and desquamat ion  
o f  s o m e  o f  t h e  l a t t e r  a round  t h e  lumina  o f  t h e  vesse ls .  I n  a d d i t i o n ,  
t h e  w a l l s  o f  t h e  v e s s e l s  show l o o s e n i n g  o f  t h e  c o n n e c t i v e  t i s s u e  
and r u p t u r e  o f  i n d i v i d u a l  c o l l a g e n i c  f i b e r s  i n  i t ,  I n  a number o f  
cases, t h e  w a l l s  o f  t h e  v e s s e l s  and t h e  c o n n e c t i v e  t i s s u e  su r round& 
them a r e  i n f i l t r a t e d  w i t h  l e u k o c y t e s  to v a r y i n g  d e g r e e s .  I n  t h e  
lumina  of  t h e  v e s s e l s ,  t h e r e  are  sometimes s m a l l ,  p a r i e t a l ,  l euko
c y t i c  t h r o m b i .  S m a i l  ( p u n c t a t e )  hemorrhages ,  caused  by r u p t u r e  o f  
t h e  w a l l  o f  t h e  v e s s e l  or h a v i n g  a d i a p e d e s i c  n a t u r e ,  a re  v e r y  rare  
( F i g .  1). The f i r s t  t y p e  o f  hemorrhage i s  u s u a l l y  found i n  t h e  
c e n t r a l  r e g i o n s  o f  t h e  o r g a n ,  w h i l e  t h e  second t y p e  o f  hemorrhages 
i s  found more f r e q u e n t l y  i n  t h e  d o r s a l  r e g i o n s  o f  t h e  l i v e r .  A s  
f o r  t h e  h e p a t i c  c e l l s ,  t h e r e  a re  s i g n s  o f  v a c u o l i z a t i o n  o f  t h e i r  
p r o t o p l a s m .  T h i s  p r o c e s s  u s u a l l y  h a s  a f o c a l  n a t u r e ,  main ly  af
f e c t i n g  t h e  c e l l s  i n  t h e  c e n t r a l  r e g i o n s  o f  t h e  h e p a t i c  l o b u l e s .  
It i s  n o t  un i fo rm i n  t h e  v a r i o u s  l o b u l e s .  Sometimes segments  are  
found to c o n t a i n  h e p a t i c  c e l l s  i n  which v a c u o l i z a t i o n  h a s  r e a c h e d  
a n  ex t reme d e g r e e :  l a r g e  v a c u o l e s  a l m o s t  c o m p l e t e l y  f i l l  t h e  
h e p a t i c  c e l l s .  However, t h e r e  a re  no s i g n s  o f  v a c u o l i z a t i o n  i n  
most o f  t h e  h e p a t i c  c e l l s .  The q u a n t i t y  o f  RNA and a-amino a c i d s  

F i g .  1. Hemorrhage as a R e s u l t  o f  a Rupture  i n  t h e  W a l l  o f  a Col
l e c t i n g  Vein ,  One Hour A f t e r  R o t a t i o n  i n  a C e n t r i f u g e .  
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i n  t h e  p r o t o p l a s m  o f  s t r o n g l y  v a c u o l i z e d  c e l l s  d e c r e a s e s ,  w h i l e  i t  
r e m a i n s  w i t h i n  t h e  l i m i t s  o f  t h e  norm or e v e n  i n c r e a s e s  s l i g h t l y  i n  
t h e  r e m a i n i n g  c e l l s .  I n  t h e  l a t t e r  c a s e ,  t h i s  a f f e c t s  t h e  amount  
of a - a m i n o  a c i d s  t o  a g r e a t  d e g r e e ,  a n d  t h e  amount  o f  R N A  t o  a l e s 
s e r  d e g r e e .  I t  i s  v e r y  p r o b a b l e  t h a t  some h e p a t i c  c e l l s  u n d e r g o  
c o m p l e t e  d e s t r u c t i o n .  T h i s  i s  i n d i c a t e d  b y  t h e  a p p e a r a n c e  o f  s i n g l e  
or s m a l l  g r o u p s  o f  h e p a t i c  c e l l s  i n  t h e  l u m i n a  o f  l a r g e  v e i n s ,  
w h e r e  t h e y  f o r m  v a r i o u s  t y p e s  o f  e m b o l i .  A p p a r e n t l y ,  t h e i r  o r i g i n  
i s  t o  b e  f o u n d  i n  r u p t u r e s  o f  t h e  w a l l s  o f  t h e  v e s s e l s  a n d  t h e  
d e s t r u c t i o n  o f  h e p a t i c  c e l l s  a t  t h e  s i t e  o f  a h e m o r r h a g e .  

One h o u r  a f t e r  r o t a t i o n s  i n  a c e n t r i f u g e ,  t h e  s i g n s  o f  h y p e r - / 3 1 5  
emia a r e  s t i l l  p r e s e r v e d .  M o r e o v e r ,  t h e r e  i s  a n  e x p a n s i o n  o f  t h e  
i n t e r l o b u l a r  lymph v e s s e l s ,  a s  w e l l  a s  t h e  a p p e a r a n c e  o f  D i s s e  
s p a c e s  i n  a l a r g e  number o f  c a s e s ,  l o c a t e d  among t h e  l i v e r  c e l l s .  
I n  t h e  l u m i n a  o f  t h e  v e i n s ,  t h e r e  a r e  i n d i v i d u a l  h e p a t i c  c e l l s ,  
d e s q u a m a t e d  c e l l s  o f  t h e  e n d o t h e l i u m ,  a n d  s i n g l e  p a r i e t a l  t h r o m b i .  
The w a l l s  o f  t h e  v e s s e l s  a n d  t h e  c o n n e c t i v e  t i s s u e  s u r r o u n d i n g  them 
a r e  e d e m a t o u s .  We c a n  s o m e t i m e s  o b s e r v e  s m a l l  h e m o r r h a g e s ,  c a u s e d  
b y  f r e s h  f o r m e d  e l e m e n t s  o f  t h e  b l o o d ,  a r o u n d  t h e  v e s s e l s .  The 
p r o c e s s e s  o f  v a c u o l i z a t i o n  o f  t h e  h e p a t i c  c e l l s  a r e  more s t r o n g l y  
p r o n o u n c e d ,  w h i l e  t h e  q u a n t i t y  o f  s u c h  c e l l s  i s  g r e a t e r  i n  c o m p a r i 
s o n  w i t h  t h a t  f o r  t h e  p r e v i o u s  p e r i o d .  I n  t h e  p r o t o p l a s m  o f  t h e  
h e p a t i c  c e l l s  a n d  i n  t h e  e p i t h e l i a l  c e l l s  o f  t h e  b i l e  d u c t s ,  t h e r e  
a r e  s m a l l  d r o p s  o f  f a t .  The i n t e n s i t y  o f  t h e  s t a i n  i n  t h e  p r o t o 
p l a s m  o f  t h e  h e p a t i c .  c e l l s  f o r  R N A  a n d  a - a m i n o  a c i d s  i s  somewhat  
l e s s  t h a n  i n  t’. . , L . e p a r a t i o n s  o f  t h e  p r e c e d i n g  p e r i o d ,  a n d  i n  some 
c e l l s  i t  i s  e v e n  l o w e r  t h a n  i n  t h e  c o n t r o l .  A f t e r  o n e  d a y ,  t h e  
s i g n s  o f  h y p e r e m i a  d e c r e a s e  s i g n i f i c a n t l y .  However ,  t h e  p r o c e s s e s  
o f  m i g r a t i o n  o f  t h e  l e u k o c y t e s  a n d  t h e i r  i n f i l t r a t i o n  o f  t h e  w a l l s  
o f  t h e  v e s s e l s  a n d  t h e  s u r r o u n d i n g  c o n n e c t i v e  t i s s u e  ( a s  w e l l  a s  
t h e  h e m o r r h a g i c  f o c i )  a r e  more s t r o n g l y  p r o n o u n c e d .  S o m e t i m e s  s m a l l  
e m b o l i ,  c o n s i s t i n g  o f  d e g e n e r a t e  h e p a t i c  c e l l s  a n d  i n f i l t r a t e d  w i t h  
l e u k o c y t e s ,  a r e  f o u n d  i n  t h e  l u m i n a  o f  t h e  v e s s e l s .  T h e r e  i s  v a c u o - /316 
l i z a t i o n  a n d  a d i p o s i s  ( i n  t h e  f o r m  o f  s m a l l  d r o p s )  o f  c e r t a i n  h e p a t i c  
c e l l s ,  a n d  c e l l s  i n  t h e  e p i t h e l i u m  o f  t h e  b i l e  d u c t s  ( F i g .  2 ) .  The 
i n t e n s i t y  o f  t h e  s t a i n  i n  t h e  p r o t o p l a s m  o f  t h e  h e p a t i c  c e l l s  f o r  
R N A  a n d  a - a m i n o  a c i d s  i s  somewhat  l e s s  t h a n  i n  t h e  c o n t r o l s .  On 
t h e  t h i r d  d a y  a f t e r  t h e  e f f e c t  of t h e  s t r e s s e s ,  t h e  s i g n s  o f  p l e t h 
o r a ,  w h i c h  w e r e  s o  c h a r a c t e r i s t i c  f o r  t h e  e a r l i e r  p e r i o d s  o f  t h e  
e x p e r i m e n t ,  d i s a p p e a r  i n  m o s t  o f  t h e  v e s s e l s .  However ,  c e r t a i n  
v e s s e l s ,  a n d  m a i n l y  t h e  i n t e r l o b u l a r  a n d  c e n t r a l  v e i n s ,  r e m a i n  e x 
p a n d e d .  O b v i o u s l y ,  t h i s  i s  t h e  r e s u l t  o f  a l o s s  i n  t h e  t o n u s  o f  
t h e i r  w a l l s .  The p e r i v a s c u l a r  c o n n e c t i v e  t i s s u e ,  a n d  s o m e t i m e s  t h e  
w a l l s  o f  t h e  v e s s e l s ,  a r e  e d e m a t o u s  i n  p l a c e s  a n d  i n f i l t r a t e d  w i t h  
l e u k o c y t e s .  I n  c e r t a i n  v e s s e l s ,  w e  c a n  d e t e c t  s m a l l  p a r i e t a l  
t h r o m b i  a n d  e m b o l i  f r o m  h e p a t i c  c e l l s  ( F i g .  3 ) .  The o l d  h e m o r r h a g e s  
a r e  d i s p e r s e d  b e c a u s e  o f  t h e  m a c r o p h a g i c  e l e m e n t s  w h i c h  a r e  f o r m e d  
f r o m  K u p f e r  c e l l s .  F r e s h  p e r i v a s c u l a r  h e m o r r h a g e s  o f  a d i a p e d e s i c  
n a t u r e  a r e  f o u n d  i n f r e q u e n t l y  i n  some a n i m a l s .  S i g n s  o f  v a c u o l i z a 
t i o n  a n d  a d i p o s i s  o f  t h e  h e p a t i c  c e l l s  a r e  n o t e d  o n l y  i n  c e l l s  
l o c a t e d  i n  t h e  c e n t r a l  r e g i o n s  o f  t h e  l i v e r  l o b u l e s .  The i n t e n s i t y  
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Fig. 2. Vacuolization of the Protoplasm of Hepatic Cells, One Day 

After Rotation in a Centrifuge. 


Fig. 3. Embolus i n  the Lumen of a Collecting Vein, Three Days 

After Rotation in a Centrifuge. 
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o f  t h e  s t a i n  i n  t h e  c y t o p l a s m  o f  t h e  h e p a t i c  c e l l s  f o r  a - a m i n o  
a c i d s ,  c o r r e s p o n d s  t o  t h a t  i n  t h e  c o n t r o l  f o r  two  a n i m a l s ,  w h i l e  i t  
i s  somewhat  g r e a t e r  f o r  t h r e e  o t h e r s .  The d e g r e e  o f  s t a i n i n g  i n  /317 
h e p a t i c  c e l l s  f o r  RNA r e m a i n s  a t  a l o w e r  l e v e l  for a l l  t h e  a n i m a l s  
t h a n  i n  t h e  c o n t r o l .  T h e s e  c h a n g e s  m a i n l y  a f f e c t  t h e  h e p a t i c  c e l l s  
w h i c h  a r e  i n  t h e  c e n t e r  o f  t h e  l o b e s ,  w h i l e  t h e  h e p a t i c  c e l l s  a t  
t h e  p e r i p h e r y  o f  t h e  l o b e s  k e e p  r o u g h l y  t h e  same amount  o f  n u c l e i c  
a c i d  as  t h e  c o n t r o l .  

T h u s ,  t h e  m a t e r i a l s  o b t a i n e d  show t h a t  a c c e l e r a t i o n s  w h i c h  
a r e  r e p e a t e d  1 2  t i m e s  a n d  a r e  t h e  maximum t o l e r a b l e  ( 1 - 5  m i n ) ,  
c a u s e  c h a n g e s  o f  a p r i n c i p a l l y  v a s c u l a r  n a t u r e  i n  t h e  l i v e r .  T h e s e  
c h a n g e s  a r e  e x p r e s s e d  by  t h e  a p p e a r a n c e  o f  v e n o u s ,  s t a g n a n t  h y p e r 
emia w h i c h  b e g i n s  i n  t h e  s y s t e m  o f  h e p a t i c  v e i n s .  The s i g n s  o f  
h y p e r e m i a  become c o m p l i c a t e d  b e c a u s e  of t h e  d y s t r o p h i c  p r o c e s s e s  i n  
t h e  e l e m e n t s  o f  t h e  v e s s e l  w a l l s ,  t h e  edema o f  t h e  s u r r o u n d i n g  
c o n n e c t i v e  t i s s u e ,  a n d  t h e  f o r m a t i o n  of s m a l l  ( p u n c t a t e )  h e m o r r h a g e s .  
The s i g n s  o f  h y p e r e m i a  a r e  m o s t  p r o n o u n c e d  i n  t h e  d o r s a l  r e g i o n s  o f  
t h e  l i v e r ,  a n d  t h e  h e m o r r h a g e s  w h i c h  a r e  f o r m e d  by  t h e  r u p t u r e  o f  
v a s c u l a r  w a l l s  a r e  f o u n d  m o s t  f r e q u e n t l y  i n  t h e  c e n t r a l  r e g i o n s  o f  
t h e  o r g a n .  O b v i o u s l y ,  t h e s e  f a c t s  c a n  b e  e x p l a i n e d  by  t h e  c o n c e p t  
t h a t  d i f f i c u l t y  i n  b l o o d  f l o w  i n t o  t h e  s y s t e m  o f  h e p a t i c  v e i n s  a n d  
a s i m u l t a n e o u s  r e d i s t r i b u t i o n  o f  t h e  b l o o d  i n  t h e  d i r e c t i o n  o f  t h e  
a c c e l e r a t i o n  c a u s e  t h e  m o s t  s i g n i f i c a n t  b l o o d  p r e s s u r e  i n c r e a s e s  
t o  o c c u r  i n  t h e  v e s s e l s  o f  t h e  c e n t r a l  r e g i o n s  o f  t h e  l i v e r .  The 
d e s t r u c t i v e  c h a n g e s  on t h e  p a r t  of t h e  e n d o t h e l i u m  i n  t h e  v e s s e l s  /318 
a r e  o b v i o u s l y  c a u s e d  by  a c o n d i t i o n  o f  t e m p o r a r y  h y p o x i a ,  a n d  a r e  
t h e  c a u s e  o f  t h e  f o r m a t i o n  o f  t h r o m b i ,  w h i l e  t h e  r u p t u r e s  o f  t h e  
v e s s e l s  a n d  t h e  h e m o r r h a g e s  c a u s e  t h e  a p p e a r a n c e  o f  t h e  e m b o l i  
w h i c h  c o n s i s t  o f  h e p a t i c  c e l l s .  The p r o c e s s e s  o f  v a c u o l i z a t i o n  o f  
t h e  p r o t o p l a s m  i n  t h e  h e p a t i c  c e l l s ,  w h i c h  r e f l e c t  d i s o r d e r s  i n  t h e  
w a t e r  e x c h a n g e  i n  t h e  l i v e r  ( a c c o r d i n g  t o  t h e  d a t a  i n  t h e  l i t e r a t u r e ) ,  
a r e  t y p i c a l  f o r  t h e  c o n d i t i o n  o f  h e m o s t a s i s  i n  t h e  s y s t e m  o f  t h e  
l o w e r  v e n a  c a v a .  We c a n  a l s o  a s sume  t h a t  d u r i n g  a c c e l e r a t i o n s  
t h e  p r o t e i n  m e t a b o l i s m  o f  t h e  l i v e r  a l s o  s u f f e r s  t o  some d e g r e e ,  as  
i n d i c a t e d  by t h e  c h a n g e s  i n  t h e  p e r c e n t a g e  o f  R N A  a n d  a - a m i n o  a c i d s  
i n  t h e  h e p a t i c  c e l l s .  

I n  c o n c l u s i o n ,  w e  s h o u l d  n o t e  t h a t  t h e  c h a n g e s  w e r e  o f  t h e  
same t y p e  i n  a l l  t h e  a n i m a l s ,  b u t  t h e y  i n c r e a s e d  w i t h  a n  i n c r e a s e  
i n  t h e  t i m e  o f  t h e  a n i m a l s '  i n d i v i d u a l  t o l e r a n c e  t o  a c c e l e r a t i o n .  
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THE EFFECT OF PROLONGED TRANSVERSELY-DI RECTED RADIAL  
ACCELERATIONS ON THE MOTOR A C T I V I T Y  OF THE UPPER PART OF 

THE GASTRO INTEST INAL TRACT I N DOGS 
A . P .  M u k h i n a  a n d  V.Ye.  P o t k i n  

ABSTRACT:  The d a t a  f rom s t u d i e s  of t h e  p e r i o d i c  
motor  a c t i v i t y  of t h e  s tomach,  a s s o c i a t e d  w i t h  
hunger ,  a s  w e l l  a s  of t h e  duodenum, a r e  p r e s e n 
t e d  i n  r e l a t i o n  t o  t h e  e f f e c t  of t r a n s v e r s e l y -
d i r e c t e d  r a d i a l  a c c e l e r a t i o n s  ( b a c k - c h e s t )  of 
8 g f o r  3 min .  

The e x a m i n a t i o n s  conduc ted  showed t h a t  
s i n g l y - i m p o s e d  a c c e l e r a t i o n s  cause  a change i n  
t h e  r e l a t i o n s h i p  be tween  t h e  p e r i o d s  of work 
and r e s t  i n  t h e  motor a c t i v i t y  of t h e  s tomach,  
and of t h e  duodenum i n  p a r t i c u l a r ,  w i t h  a f t e r  
e f f e c t s  p e r s i s t i n g  f o r  abou t  t h r e e  weeks .  The 
r h y t h m i c  and p e r i s t a l t i c  a c t i v i t y  of t h e s e  r e 
g i o n s  of t h e  d i g e s t i v e  appara tus  remained un
changed d u r i n g  a two-month p e r i o d  of observa 
t i o n  a f t e r  t h e  e f f e c t  of t h e  a c c e l e r a t i o n s .  

The information in the literature concerning the effect ;f /318 

on the function of the digestive system is limited [l-4,6,7]. The 

data which are available [3,41 concerning the motor activity of the 

gastrointestinal tract involve studies which were conducted on human 

subjects during the effect of longitudinally-directed radial accel

erations (pelvis-head) of 5 g, lasting 30 sec. In this case, the 

author did not note any significant changes in the periodic contrac- /319 

tions of the stomach. Nevertheless, an examination of the periodic 

motor activity of the .upper region, associated with humger, is of 

great interest, since its role in the system of the digestive ap

paratus has great significance. Moreover, we can assume that the 

stresses we imposed (most intense in value and duration) can cause 

changes in the motor activity of the digestive apparatus. 


The purpose of this study was to conduct examinations on the 

periodic motor activity (associated with hunger) of the stomach and 

the duodenum during the effect of transversely-directed radial ac

celerations (back-chest) of 8 g, lasting for 3 minutes. According 

to the data of Slapp [81, such a characteristic effect of the accel

erations can occur when a space craft has exceeded escape

velocity by a factor of 2. 


The study was conducted on dogs with gastric fistulae, accord

ing to Basov. The examinations were accomplished by the method of 
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p a r a l l e l  t w o - b a l l o o n  r e c o r d i n g s .  F o r  t h e  i n d i c e s  o f  m o t o r  f u n c t i o n ,  
w e  d e t e r m i n e d  t h e  l e n g t h  o f  t h e  p e r i o d s  o f  f u n c t i o n  a n d  r e s t ,  t h e  
t i m e  f o r  a c o m p l e t e  c y c l e  o f  p e r i o d i c  m o t o r  a c t i v i t y  o f  t h e  s t o m a c h  
a n d  t h e  duodenum,  a n d  t h e  f r e q u e n c y  o f  t h e  r h y t h m i c  a c t i v i t y  f o r  
t h e  r e g i o n s  b e i n g  e x a m i n e d .  

A f t e r  t h e  b a c k g r o u n d  d a t a  for t h e  m o t o r  p e r i o d i c  a c t i v i t y  as
s o c i a t e d  w i t h  h u n g e r  h a d  b e e n  d e t e r m i n e d ,  t h e  a n i m a l s  were  s u b j e c t e d  
t o  t h e  e f f e c t  o f  t r a n s v e r s e l y - d i r e c t e d  r a d i a l  a c c e l e r a t i o n s  o f  8 g 
f o r  3 m i n ,  i n  a c e n t r i f u g e  w i t h  a r a d i u s  o f  4 . 2  m .  The  r a t e  o f  i n 
c r ease  f o r  t h e  s t r e s s  w a s  0 . 2  g / s e c .  The e x p e r i m e n t s  were  c o n d u c t e d  
1 8 - 2 0  h o u r s  a f t e r  t h e  a n i m a l s  h a d  b e e n  f e d .  

A f t e r  t h e  e f f e c t  o f  t h e  a c c e l e r a t i o n s ,  w e  n o t e d  s i g n i f i c a n t  
d i v e r g e n c e  i n  t h e  m o t o r  p e r i o d i c  a c t i v i t y  a s s o c i a t e d  w i t h  h u n g e r ,  
i n  t h e  r e g i o n s  w e  were  e x a m i n i n g .  On o p e n i n g  t h e  g a s t r i c  f i s t u l a e ,  
w e  r emoved  a l a r g e  q u a n t i t y  o f  b i l e  w i t h  mucus .  The i n s e r t i o n  of  
t h e  b a l l o o n  i n t o  t h e  duodenum t h r o u g h  t h e  g a s t r i c  f i s t u l a  became 
d i f f i c u l t  on t h e  f i r s t  d a y  a f t e r  t h e  e f f e c t .  

F i g u r e  1 shows t h e  kymograms o f  t h e  p a r a l l e l  r e c o r d i n g  for t h e  
p e r i o d i c  a c t i v i t y  o f  t h e  s t o m a c h  a n d  t h e  duodenum,  b e f o r e  a n d  a f t e r  
t h e  e f f e c t  o f  t h e  a c c e l e r a t i o n s .  The d a t a  w e r e  o b t a i n e d  f o r  t h e  
dog  S e r y y .  

A s  w e  c a n  s e e  f r o m  t h e  f i g u r e ,  t h e  p e r i o d s  o f  r e s t  f o r  t h e  
s t o m a c h ,  b e f o r e  t h e  e f f e c t  o f  t h e  a c c e l e r a t j o n s ,  a r e  r o u g h l y  60-70  
m i n ,  a n d  t h e  p e r i o d s  o f  f u n c t i o n  a r e  1 8 - 2 0  m i n ;  f o r  t h e  duodenum,  
t h e y  a r e  62-75  a n d  2 1 - 2 2  m i n ,  r e s p e c t i v e l y .  The  t i m e  f o r  a c o m p l e t e  
c y c l e  o f  t h e  p e r i o d i c  m o t o r  a c t i v i t y  o f  t h e  s t o m a c h  w a s  75-90  m i n ;  
f o r  t h e  duodenum,  i t  w a s  80-95  m i n .  

Two h o u r s  a f t e r  t h e  e f f e c t ,  we o b s e r v e d  a c o n t i n u o u s  m o t o r  ac
t i v i t y  o f  t h e  s t o m a c h  a n d  t h e  duodenum ( F i g  lB), a t y p e  of a c i d  
c o n t r a c t i o n  l a s t i n g  t h r o u g h o u t  t h e  e n t i r e  e x p e r i m e n t  ( 6 . 5  h o u r s ) .  

On t h e  f o u r t h  d a y  a f t e r  t h e  e f f e c t ,  we n o t e d  s h o r t e n i n g  o f  / 3 2 0  
t h e  " r e s t t 1  p e r i o d s  for t h e  s t o m a c h ;  t h e  d u r a t i o n  became 20-23  m i n ,  
i n s t e a d  o f  t h e  60-70  min  d u r i n g  t h e  p e r i o d  o f  t h e  b a c k g r o u n d  exami 
n a t i o n s .  The l e n g t h  o f  t i m e  f o r  r e s t  o f  t h e  duodenum w a s  18 -20  
m i n .  The t i m e  f o r  a c o m p l e t e  c y c l e  o f  p e r i o d i c  m o t o r  a c t i v i t y  a l s o  
c h a n g e d  c o r r e s p o n d i n g l y .  T h u s ,  f o r  t h e  s t o m a c h ,  t h e  t i m e  f o r  a 
c o m p l e t e  c y c l e  o f  p e r i o d i c  m o t o r  a c t i v i t y  w a s  40-42  m i n ;  f o r  t h e  
duodenum,  i t  w a s  42 -45  min ( F i g .  1C). 

Toward t h e  e n d  o f  t h e  t h i r d  week ( F i g .  lD), t h e  p e r i o d i c  m o t o r  
a c t i v i t y  a s s o c i a t e d  w i t h  h u n g e r  w a s  r e c o v e r e d .  

F o r  a n o t h e r  dog  ( S h u s t r i k ) ,  w e  o b t a i n e d  somewhat  d i f f e r e n t  d a + a .  
The p e r i o d s  o f  r e s t  f o r  t h e  s t o m a c h  i n  t h i s  d o g  w e r e  much s h o r t e r  
( r o u g h l y  36-40  m i n ) .  The  p e r i o d s  o f  f u n c t i o n  w e r e  t h e  same as  f o r  
S e r y y ,  : . e . ,  20-25  m i n .  The  c o m p l e t e  c y c l e  o f  p e r i o d i c  a c t i v i t y  
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F i g .  1. 	 P e r i o d i c  Motor  A c t i v i t y  ( A s s o c i a t e d  w i t h  H u n g e r )  o f  t h e  S tomach ( 2 )  and  t h e  
Duodenum (1) for t h e  Dog S e r y y .  (A)  B a c k g r o u n d ;  ( B )  Two Hours  A f t e r  t h e  
E f f e c t  o f  t h e  A c c e l e r a t i o n s ;  ( C )  On t h e  F o u r t h  Day; (D)  A t  t h e  End of  t h e  
T h i r d  Week; ( 3 )  T ime,  s ec .  
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l a s t e d  55-65  m i n ,  on  t h e  a v e r a g e .  The t i m e  f o r  t h e  r e s t  p e r i o d  of 
t h e  duodenum w a s  e q u a l  t o  42 -45  m i n ,  w h i l e  t h e  p e r i o d  f o r  f u n c t i o n  
w a s  24-26 m i n .  The  c o m p l e t e  c y c l e  o f  p e r i o d i c  a c t i v i t y  l a s t e d  
r o u g h t l y  65-70  m i n .  

Two h o u r s  a f t e r  t h e  e f f e c t ,  t h e  r e c o r d i n g s  f o r  t h i s  d o g  showed 
a n  i n c r e a s e  i n  t h e  p e r i o d  o f  r e s t  f o r  t h e  s t o m a c h  t o  75  m i n ,  w h i l e  
t h e  p e r i o d  o f  f u n c t i o n  i n c r e a s e d  up t o  50 m i n .  The  p e r i o d  of  r e s t  
f o r  t h e  duodenum a t  t h e  b e g i n n i n g  o f  t h e  e x p e r i m e n t  l a s t e d  1 8  m i n ,  
w h i l e  t h e  p e r i o d  o f  f u n c t i o n  l a s t e d  more  t h a n  1 O C  m i n .  A f t e r  t h i s ,  
a p e r i o d  o f  r e s t  i n  t h e  a c t i v i t y  o f  t h e  duodenum d i d  n o t  a p p e a r .  
T h u s ,  t h e  t i m e  f o r  t h e  f i r s t  c o m p l e t e  c y c l e  o f  p e r i o d i c  m o t o r  ac
t i v i t y  o f  t h e  s t o m a c h  w a s  e q u a l  t o  1 2 5  m i n .  D u r i n g  t h e  r e m a i n d e r  
of t h e  e x p e r i m e n t ,  t h e r e  w a s  a c o n t i n u o u s  m o t o r  a c t i v i t y  of  t h e  
s t o m a c h  i n  t h e  f o r m  o f  a c i d  c o n t r a c t i o n s .  The a p p e a r a n c e  o f  con
t i n u o u s  m o t o r  f u n c t i o n  o f  t h e  s t o m a c h  a n d  t h e  duodenum o b s e r v e d  o n  / 3 2 1  
t h e  d a y  o f  t h e  e f f e c t  o f  t h e  a c c e l e r a t i o n s  vas p r e s e r v e d  on  t h e  
f o u r t h  d a y  o f  t h e  a f t e r  e f d e c t s .  F o l l o w i n g  t h i s ,  t h e r e  w a s  a p e r i o d  
of  n o r m a l i z a t i o n ;  a r o u n g  t h e  e n d  o f  t h e  t h i r d  w e e k ,  j u s t  as  f o r  
S e r y y ,  t h e r e  w a s  a b e g i n n i n g  o f  r e c o v e r y  o f  t h e  p e r i o d i c  m o t o r  ac
t i v i t y ,  a s s o c i a t e d  w i t h  h u n g e r ,  f o r  t h e s e  r e g i o n s  o f  t h e  g a s t r o 
i n t e s t i n a l  t r a c t .  

The r h y t h m i c  a n d  p e r i s t a l i c  a c t i v i t y  o f  t h e s e  r e g i o n s  i n  t h e  
d i g e s t i v e  a p p a r a t u s  r e m a i n e d  u n c h a n g e d  t h r o u g h o u t  t h z  e n t i r e  two-
month  p e r i o d  o f  o b s e r v a t i o n s  a f t e r  t h e  e f f e c t  o f  a c c e l e r a t i o n .  

The e x a m i n a t i o n s  c o n d u c t e d  showed t h a t  t h e  s i n g l e  e f f e c t  o f  
p r o l o n g e d  t r a n s v e r s e l y - d i r e c t e d  r a d i a l  a c c e l e r a t i o n s  on  t h e  d o g s  
c a u s e s  s i g n i f i c a n t  c h a n g e s  on  t h e  p a r t  o f  t h e  m o t o r  p e r i o d i c  ac
t i v i t y  a s s o c i a t e d  w i t h  h u n g e r  f o r  t h e  s t o m a c h  and  duodenum.  T h e s e  
c h a n g e s  a r e  e x p r e s s e d  by  c h a n g e s  i n  t h e  p e r i o d s  of  f u n c t i o n  a n d  
r e s t  o f  t h e  s t o m a c h  ( p a r t i c u l a r l y  t h e  d u o d e n u m ) ,  w i t h  a f t e r  e f f e c t s  
l a s t i n g  a b o u t  t h r e e  w e c k s .  

The c h a n g e s  n o t e d  i n  t h e  p e r i o d i c  m o t o r  a c t i v i t y  o f  t h e  s t o m a c h  
a n d  duodenum c a n  b e  u s e d  t o  a n a l y z e  t h e  p a t h o l o g y  o f  t h e  g a s t r o 
i n t e s t i n a l  t r a c t  i n  human s u b j e c t s  who a r e  s u b j e c t e d  t o  a c c e l 

e r a t i o n s  a f f e c t i n g  t h e i r  a c t i v i t y .  
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THE PROBLEM OF THE ROLE OF THE SMALL INTESTINE I N  THE 
REGULATION OF THE LEVEL OF CHOLESTEROL I N  THE BLOOD, DURING 
THE EFFECT OF TRANSVERSELY-DIRECTED RADIAL ACCELERATIONS 

M . S .  M a r t s e v i c h  a n d  V . Y e .  P o t k i n  

ABSTRACT: The change i n  t h e  c h o Z e s t e r o 2  c o n t e n t  
i n  t h e  b2ood and i n  t h e  i n t e s t i n a 2  j u i c e  was e x 
amined a f t e r  t h e  e f f e c t  o f  r a d i a 2  a c c e Z e r a t i o n s  
i n  dogs w i t h  i s o Z a t e d  s e c t i o n s  o f  t h e  smaZZ i n 
t e s t i n e .  I t  was e s t a b 2 i s h e d  t h a t  t h e  e f f e c t  o f  
t r a n s v e r s e Z y - d i r e c t e d  r a d i a 2  a c c e Z e r a t i o n s  
c a u s e s  an i n c r e a s e  i n  t h e  c h o Z e s t e r o 2  c o n t e n t  
i n  t h e  b2ood, w i t h  a s imuZtaneous d e c r e a s e  i n  
i t s  c o n t e n t  i n  t h e  i n t e s t i n a 2  j u i c e .  I n  t h e  
c a s e  of an i n c r e a s e  of t h e  c h o 2 e s t e r o 2  c o n t e n t  
i n  t h e  i n t e s t i n a 2  j u i c e  a f t e r  t h e  a c c e 2 e r a t i o n s ,  
t h e r e  was no h y p e r c h o 2 e s t e r i n e m i a  o b s e r v e d .  

The f a c t s  p r e s e n t e d  show t h a t  t h e  f unc 
t i o n a 2  c o n d i t i o n  of t h e  sma22 i n t e s t i n e  h a s  d e f 
i n i t e  s i g n i f i c a n c e  i n  t h e  deve2opment of hyper 
c h o 2 e s t e r i n e m i a  d u r i n g  t h e  e f f e c t  of acce2era 
t ions:  on an organism.  

R e c e n t l y ,  i n f o r m a t i o n  h a s  a p p e a r e d  i n  t h e  l i t e r a t u r e  w h i c h  i n - / 3 2 2  
d i c a t e s  t h a t  t h e  c h o l e s t e r o l  i n  t h e  b l o o d  i n c r e a s e s  i n  p e o p l e  who 
a r e  s u b j e c t e d  t o  t h e  e f f e c t s  o f  e x t r e m e  s t i m u l i .  I n  p a r t i c u l a r ,  
a number  o f  a u t h o r s  [ 1 , 2 , 4 , 6 , 7 ]  h a v e  o b s e r v e d  a n  i n c r e a s e  i n  t h e  
c o n c e n t r a t i o n  o f  c h o l e s t e r o l  i n  t h e  b l o o d  d u r i n g  t h e  f i r s t  2 - 3  d a y s  
a f t e r  f l i g h t s  i n  a i r c r a f t .  

S i m i l a r  r e s u l t s  w e r e  o b t a i n e d  i n  e x a m i n i n g  t h e  a s t r o n a u t s  o f  
t h e  f i r s t  a n d  s e c o n d  g r o u p  f l i g h t s ,  i n  whom a n  i n c r e a s e  o f  t h e  
c h o l e s t e r o l  c o n t e n t  i n  t h e  b l o o d  was o b s e r v e d  f o r  t h e  f o l l o w i n g  
two w e e k s  C 5 , 9 l .  

A l a r g e  amount  o f  d a t a  h a s  r e c e n t l y  b e e n  o b t a i n e d  on t h e  s i g 
n i f i c a n c e  o f  t h e  f u n c t i o n a l  c o n d i t i o n  o f  t h e  d i g e s t i v e  s y s t e m  i n  
t h e  d e v e l o p m e n t  o f  d i s o r d e r s  i n  t h e  l i p o i d  a n d ,  i n  p a r t i c u l a r ,  t h e  
c h o l e s t e r o l  e x c h a n g e  [ 8 , 1 1 , 1 2 1 .  

I n  r e l a t i o n  t o  t h i s ,  w e  a t t e m p t e d  t o  e x a m i n e  t h e  a p p e a r a n c e  o f  
a r e l a t i o n s h i p  b e t w e e n  t h e  c h o l e s t e r o l  c o n t e n t  i n  t h e  b l o o d  ( ac 
c o r d i n g  t o  t h e  me thod  o f  E n g e l h a r d t  a n d  S m i r n o v a  i n  t h e  Zamychk ina  
m o d i f i c a t i o n ) ,  a n d  i t s  s e c r e t i o n  i n  t h e  i n t e s t i n a l  j u i c e ,  d u r i n g  
t h e  e f f e c t  o f  t r a n s v e r s e l y - d i r e c t e d  r a d i a l  a c c e l e r a t i o n s  on  a n  o r 
g a n i s m .  
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The s t u d y  w a s  c o n d u c t e d  on d o g s ,  w i t h  l o o p s  o f  t h e  u p p e r  p a r t  
o f  t h e  srliall i n t e s t i n e  i s o l a t e d  a c c o r d i n g  t o  T h i r y .  

A f t e r  e s t a b l i s h i n g  t h e  b a c k g r o u n d ,  we s u b j e c t e d  t h e  a n i m a l s  
t o  a s i n g l e  e f f e c t  o f  t r a n s v e r s e l y - d i r e c t e d  a c c e l e r a t i o n  ( b a c k - c h e s t )  
o f  8 g for 3 m i n .  The a c c e l e r a t i o n s  were p r o d u c e d  i n  a c e n t r i f u g e  
w i t h  a r a d i u s  o f  4 . 2  m .  The r a t e  of i n c r e a s e  f o r  t h e  a c c e l e r 
a t i o n s  w a s  0 . 2  u n i t s / s e c .  

A s  a r e s u l t  o f  t h e  s t u d i e s  c o n d u c t e d ,  we e s t a b l i s h e d  t h a t  t h e  / 3 2 3  
e f f e c t  o f  r a d i a l  a c c e l e r a t i o n  c a u s e s  a r e g u l a r  i n c r e a s e  o f  t h e  cho
l e s t e r o l  c o n c e n t r a t i o n  i n  t h e  b l o o d ,  a n d  a s i m u l t a n e o u s  d e c r e a s e  o f  
t h e  c h o l e s t e r o l  c o n c e n t r a t i o n  i n  t h e  i n t e s t i n a l  j . u i c e  on t h e  d a y  o f  
t h e  e x p e r i m e n t  ( F i g .  1). 

A s  we c a n  s e e  f r o m  t h e  f i g u r e ,  t h e  c h o l e s t e r o l  c o n t e n t  i n  t h e  
b l o o d  i n c r e a s e d  more or l e s s  ( b y  1 0 - 7 0  mg%) i n  a l l  c a s e s  f o l l o w i n g  
t h e  a c c e l e r a t i o n .  The c h o l e s t e r o l  c o n t e n t  i n  t h e  i n t e s t i n a l  j u i c e ,  
on t h e  o t h e r  h a n d ,  d e c r e a s e d  ( b y  5-20 m g % ) .  

A s t a t i s t i c a l  a n a l y s i s  o f  t h e  d a t a  r e v e a l e d  a c h a n g e  i n  t h e  
d i r e c t  c o r r e l a t i o n  b e t w e e n  t h e  c h o l e s t e r o l  c o n t e n t s  i n  t h e  i n t e s 
t i n a l  j u i c e  a n d  i n  t h e  b l o o d  b e f o r e  t h e  a c c e l e r a t i o n ,  w i t h  a r e v e r s e  
c o r r e l a t i o n  a f t e r  t h e  a c c e l e r a t i o n .  

Hav ing  e s t a b l i s h e d  t h e  r e l a t i o n s h i p  b e t w e e n  t h e  c h a n g e s  i n  t h e  
c h o . l e s t e r o 1  c o n t e n t  i n  t h e  b l o o d  a f t e r  t h e  a c c e l e r a t i o n  a n d  i t s  
c o n c e n t r a t i o n  i n  t h e  i n t e s t i n a l  j u i c e ,  we f o u n d  i t  i n t e r e s t i n g  t o  

F i g .  1. C h o l e s t e r o l  C o n t e n t  i n  t h e  B l o o d  ( 2 )  a n d  i n  t h e  I n 
t e s t i n a l  J u i c e  (1) B e f o r e  ( A )  a n d  A f t e r  ( B )  a S i n g l e  A c c e l e r a t i o n .  
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make p r o l o n g e d  o b s e r v a t i o n s  o f  i ' le  d i s o r d e r s .  For t h i s  p u r p o s e ,  
w e  s t u d i e d  t h e  c h o l e s t e r o l  core. n t r a t i o n  i n  t h e  b l o o d  a n d  t h e  i n 
t e s t i n a l  j u i c e  f o r  a number  o f  ? Q g s ,  f o r  2 m o n t h s  a f t e r  t h e  a c c e l 
e r a t i o n s .  

F i g u r e  2 ( A )  a n d  ( B ) ,  shows  t h e  d a t a  o b t a i n e d  f o r  t h e  d o g s  
Y u n e t s  a n d  V a l e t .  I n  t h e  d o g  V a l e t ,  a s  f o r  m o s t  o f  t h e  a n i m a l s ,  
t h e  c h o l e s t e r o l  i n  t h e  b l o o d  w a s  i n c r e a s e d  a f t e r  t h e  s t r e s s e s ;  f o r  
t h e  f o l l o w i n g  two m o n t h s ,  i t  r e m a i n e d  a t  a h i g h e r  l e v e l  r e l a t i v e  / 3 2 4  
t o  t h e  b a c k g r o u n d  ( F i g .  2 ) .  I f  t h e  norm f o r  a g i v e n  dog  a l l o w e d  
t h e  c h o l e s t e r o l  c o n c e n t r a t i o n  i n  t h e  b l o o d  t o  v a r y  f r o m  1 1 5  t o  1 6 0  
mg%, a f t e r  t h e  e f f e c t s  i t  v a r i e d  f r o m  1 7 0  t o  1 8 0  mg%. 

The c h o l e s t e r o l  c o n t e n t  i n  t h e  i n t e s t i n a l  j u i c e  v a r i e d  f r o m  
2 0  t o  4 0  mg% b e f o r e  t h e  s t r e s s e s ,  a n d  f r o m  25 t o  5 5  mg% a f t e r  t h e m .  
I n  t h e  i n t e s t i n a l  j u i c e ,  t h e  c h o l e s t e r o l  c o n t e n t  w a s  w i t h i n  t h e  
l i m i t s  f o r  t h e  b a c k g r o u n d  i n  t h e  m a j o r i t y  o f  t h e  e x p e r i m e n t s .  I n  
t h e  d o g ,  Y u n e t s  ( i n  c o n t r a s t  t o  t h e  o t h e r s ) ,  t h e  e f f e c t  d i d  n o t  

c a u s e  a n y  s i g n i f i c a n t  i n c r e a s e  
i n  t h e  c h o l e s t e r o l  c o n c e n t r a 
t i o n  i n t h e  b l o o d  for t h e  e n 

ow A t i r e  p e r i o d  of t h e  o b s e r v a -
t i o n s .  B e f o r e  t h e  s t r e s s e s ,  
t h e  c h o l e s t e r o l  c o n c e n t r a t i o n  
i n  t h e  b l o o d  v a r i e d  f r o m  1 3 0  
t o  190 mg%; a f t e r  t h e  s t r e s s e s  
a n d  for t h e  f o l l o w i n g  two  
m o n t h s ,  i t  v a r i e d  f r o m  1 3 5  t o  
1 6 0  mg%. 

A t  t h e  same t i m e ,  t h e  
c h o l e s t e r o l  c o n t e n t  i n  t h e  i n -

B t e s t i n a l  j u i c e  i n c r e a s e d .  A s  
c o m p a r e d  t o  a norm o f  35-55  
mg%, i t s  l e v e l  v a r i e d  b e t w e e n  
4 0  a n d  1 4 0  mg% a f t e r  t h e  s t r e s -
s e s .  M o r e o v e r ,  i n  m o s t  o f  t h e  
e x p e r i m e n t s ,  t h e  c h o l e s t e r o l  
c o n t e n t  i n  t h e  i n t e s t i n a l  j u i c e  
was much h i g h e r  t h a n  t h e  b a c k -

g 20 L g r o u n d  v a l u e .  
0 I I I I I I I I

B a c k g r o u n d  15 22 29 36 42 59 65 70 T h e r e f o r e ,  t h e  e x p e r i -
Days A f t e r  t h e :  m e n t a l  d a t a  w e  o b t a i n e d  show 
A c c e l e r a t i o n s  t h a t  t h e  e f f e c t  o f  t r a n s v e r s e l y -

d i r e c t e d  r a d i a l  a c c e l e r a t i o n s  
F i g .  2 .  C h o l e s t e r o l  C o n t e n t  i n  c a u s e s  a n  i n c r e a s e  i n  t h e  cho
t h e  B lood  (1) a n d  i n  t h e  I n t e s - l e s t e r o l  c o n c e n t r a t i o n  i n  t h e  
t i n a l  J u i c e  ( 2 ) ,  i n  t h e  Dynamics  b l o o d ,  w i t h  a s i m u l t a n e o u s  d e -
F o l l o w i n g  S i n g l e  R a d i a l  Acce l - c r e a s e  i n  i t s  c o n t e n t  i n  t h e  
e r a t i o n s  o f  8 g f o r  3 m i n ,  i n  i n t e s t i n a l  j u i c e .  I n  t h e  ca se  
t h e  Dogs V a l e t  (A)  a n d  Y u n e t s  o f  a n  i n c r e a s e  o f  t h e  c h o l e s 
(B). 
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t e r o l  c o n t e n t  i n  t h e  i n t e s t i n a l  j u i c e  a f t e r  t h e  e f f e c t  o f  t h e  ac
c e l e r a t i o n s ,  n o  h y p e r - c h o l e s t e r i n e m i a  w a s  o b s e r v e d .  

The f a c t s  w e  h a v e  p r e s e n t e d  show t h a t  t h e  f u n c t i o n a l  c o n d i t i o n  
o f  t h e  s m a l l  i n t e s t i n e  h a s  d e f i n i t e  s i g n i f i c a n c e  i n  t h e  d e v e l o p m e n t  
o f  h y p e r c h o l e s t e r i n e m i a  d u r i n g  t h e  e f f e c t  o f  a c c e l e r a t i o n  on a n  
o r g a n i s m .  
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THE ROLE OF THE CENTRAL NERVOUS SYSTEM I N  THE REGULATION 
OF THE SECRETORY ACTIVITY OF THE SMALL INTESTINE, AFTER 

THE EFFECT OF PROLONGED TRANSVERSE ACCELERATIONS 
V.Ye. Potkin 

ABSTRACT: The m a t e r i a Z s  from a s t u d y  of t h e  
s e c r e t o r y  a c t i v i t y  of t h e  smaZZ i n t e s t i n e  a f t e r  
t h e  e f f e c t  of proZonged t r a n s v e r s e  acce  Z e r a t i o n s  
(8 g f o r  3 m i n )  a r e  p r e s e n t e d  i n  r e Z a t i o n  t o  dogs
w i t h  i s o Z a t e d  norma2 and d e n e r v a t e d  i n t e s t i n a Z  
s e c t i o n s .  

The d i f f e r e n c e s  i n  t h e  s e c r e t i o n  of t h e  i n 
t e s t i n a Z  j u i c e  and t h e  enzymes of e n t e r o p e p t i d a s e ,  
a ZkaZine p h o s p h a t a s e ,  amy Zase, and Zysozyme by
d i f f e r e n t  s e c t i o n s  are  shown. The i m p o r t m t  roZe 
of t h e  c e n t r a 2  nervous  s y s t e m  i n  t h e  r e g u Z a t i o n  
of t h e  s e c r e t o r y  a c t i v i t y  of t h e  smaZZ i n t e s t i n e  
is e s t a b z i s h e d .  

The s t u d y  o f  t h e  r o l e  o f  t h e  c e n t r a l  n e r v o u s  s y s t e m  i n  t h e  / 3 2 5  
f u n c z i o n  o f  v a r i o u s  o r g a n s  a n d  s y s t e m s  d u r i n g  t h e  e f f e c t  o f  e x 
t r e m e  f a c t o r s  on a n  o r g a n i s m  h a s  a n  i m p o r t a n t  p l a c e  i n  t h e  r e s e a r c h  
o f  s p a c e  a n d  a v i a t i o n  p h y s i o l o g y .  

T h i s  s t u d y  e x a m i n e s  t h e  r o l e  o f  t h e  c e n t r a l  n e r v o u s  s y s t e m  i n  
t h e  s e c r e t o r y  a c t i v i t y  o f  t h e  s m a l l  i n t e s t i n e  a f t e r  t h e  e f f e c t  o f  
r a d i a l  a c c e l e r a t i o n s .  

F o r  t h i s  p u r p o s e ,  w e  u s e d  d o g s  w i t h  d e n e r v a t e d  i n t e s t i n a l  
s e c t i o n s .  I n  o n e  d o g  ( D a m k a ) ,  t h e  i n t e s t i n a l  s e c t i o n  w a s  d e n e r v a t e d  
a c c o r d i n g  t o  t h e  m e t h o d  o f  V .  N .  Shamov ( 1 9 2 6 ) ;  i n  two o t h e r s  ( N o r a  
a n d  S i v y y ) ,  t h i s  was done  by  t h e  me thod  o f  L . S .  Fomina  ( 1 9 5 5 ) .  
S i n c e  t h e  l a t t e r  two  d o g s  a l s o  h a d  f i s t u l a e  i s o l a t e d  a c c o r d i n g  t o  /326  
T h i r y ,  i n  a d d i t i o n  t o  t h e  d e n e r v a t e d  i n t e s t i n a l  s e c t i o n s  , t h e  
s t u d i e s  o f  t h e  s e c r e t o r y  a c t i v i t y  o f  a l l  t h e  s e c t i o n s  were c o n d u c t e d  
i n  a p a r a l l e l  m a n n e r .  

The e x a m i n a t i o n s  b e g a n  t h r e e  or f o u r  w e e k s  a f t e r  d e n e r v a t i o n .  
W e  d e t e r m i n e d  t h e  s e c r e t o r y  a c t i v i t y  a c c o r d i n g  t o  t h e  q u a n t i t y  o f  
i n t e s t i n a l  j u i c e  a n d  t h e  a c t i v i t y  o f  t h e s e  e n z y m e s :  e n t e r o p e p t i d a s e ,  
a l k a l i n e  p h o s p h a t a s e ,  a m y l a s e ,  a n d  l y s o z y m e .  We s a m p l e d  t h e  i n 
t e s t i n a l  j u i c e  b o t h  d u r i n g  p e r i o d i c  s e c r e t i o n  a n d  d u r i n g  s e c r e t i o n  
i n  r e s p o n s e  t o  m e c h a n i c a l  s t i m u l a t i o n .  

A f t e r  t h e  b a c k g r o u n d  w a s  e s t a b l i s h e d  by t h e s e  c h a r a c t e r i s t i c s ,  
t h e  a n i m a l s  were  s u b j e c t e d  t o  t h e  e f f e c t  o f  t r a n s v e r s e  a c c e l e r a t i o n  
of 8 g f o r  3 m i n ,  w i t h  a r a t e  o f  i n c r e a s e  i n  t h e  s t r e s s  o f  0 . 2  
u n i t s  / s e  c . 
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D e s p i t e  t h e  v a r i o u s  l o c a t i o n s  o f  tAe r n t e s t i n a l  s e c t P o n s  Cln 
Damka, a s e c t i o n  w a s  i m p l a n t e d  u n d e r  t h e  s k i n ,  w h P l e  I n  Nora a n d  
S i v y y  t h e  s e c t i o n s  were  i n  t h e  p e r i t o n e a l  c a v i t y ) ,  t h e  r e s u l t s  ob
t a i n e d  f r o m  t h e  s t u d i e s  were s i m i l a r  f o r  a l l  t h e  d o g s  ( F i g u r e s  
1 a n d  2 ) .  

m l  , m l  

t 
O L - 1 1 1 1 1 1 1 1 1 1 1 1I 

B a c k g r o u n d  1 2 3 7  12151922253237 I 
I I I I  I I I I I IDays A f t e r t h e  1 nl 

I R ?I llD4758bB86.WaZa110117 
E ff e c t ::of-th e i Backgr 'und Days A f t e r  t h e  E f f e c t  
A ccg L e r  a t  i o n  o f  t h e  A c c e l e r a t i o n  

F i g .  1. F i g .  2 .  

F i g .  1. S e c r e t i o n  o f  I n t e s t i n a l  J u i c e  i n  R e s p o n s e  t o  M e c h a n i c a l  
S t i m u l a t i o n ,  f r o m  D e n e r v a t e d  ( 2 )  a n d  Normal  (1) S e c t i o n s ,  B e f o r e  
a n d  A f t e r  t h e  E f f e c t  o f  P r o l o n g e  d T r a n s v e r s e  A c c e l e r a t i o n s  f o r  t h e  
Dog S i v y y .  

F i g .  2 .  S e c r e t i o n  o f  I n t e s t i n a l  J u i c e  f r o m  D e n e r v a t e d  ( 2 )  a n d  Nor
m a l  (1) I n t e s t i n a l  S e c t i o n s ,  D u r i n g  t h e i r  P e r i o d i c  A c t i v i t y  B e f o r e  
a n d  A f t e r  t h e  E f f e c t  o f  P r o l o n g e d  T r a n s v e r s e  A c c e l e r a t i o n s ,  i n  t h e  
Dog N o r a .  

A s  w e  c a n  s e e  f r o m  t h e  f i g u r e s ,  t h e r e  w a s  much l e s s  e x c r e t i o n  
o f  i n t e s t i n a l  j u i c e  f r o m  t h e  d e n e r v a t e d  s e g m e n t .  The same r e g u 
l a r i t y  w a s  a l s o  o b s e r v e d  i n  t h e  a c t i v i t y  o f  t h e  e n z y m e s ,  w h i c h  a g r e e s  
w i t h  t h e  d a t a  o f  L . S .  Fomina  ( 1 9 5 6 ) .  A f t e r  t h e  s t r e s s ,  t h e  a c t i v i t y  
o f  t h e  i n t e s t i n a l  enzymes  i n  t h e  j u i c e  f r o m  t h e  d e n e r v a t e d  i n t e s t i 
n a l  s e c t i o n  r e m a i n e d  on a much l o w e r  l e v e l  t h a n  t h e  a c t i v i t y  o f  
t h e  enzymes  i n  t h e  j u i c e  f r o m  t h e  i n t e s t i n a l  s e c t i o n  w h i c h  w a s  
l i n k e d  w i t h  t h e  e x t r a m u r a l  n e r v o u s  s y s t e m .  The o n l y  c h a n g e  o c c u r r e d  
i n  t h e  s e c r e t i o n  o f  t h e  i n t e s t i n a l  j u i c e  a f t e r  t h e  s t r e s s .  T h u s ,  
w h i l e  t h e  q u a n t i t y  o f  j u i c e  o b t a i n e d  f r o m  a d e n e r v a t e d  i n t e s t i n a l  
s e c t i o n  c o n t i n u e d  t o  show n o  p a r t i c u l a r  c h a n g e ,  t h e  q u a n t i t y  o f  
j u i c e  f r o m  a s e c t i o n  i s o l a t e d  a c c o r d i n g  t o  T h i r y  d e c r e a s e d  s h a r p l y .  
T h i s  i n d i c a t e s  t h a t  t h e  c h a n g e s  i n  t h e  s e c r e t o r y  a c t i v i t y  o f  t h e  
s m a l l  i n t e s t i n e ,  a f f e c t e d  by  t h e  r a d i a l  a c c e l e r a t i o n s  , o c c u r  i n 
d i r e c t l y  t h r o u g h  t h e  c e n t r a l  n e r v o u s  s y s t e m .  

D u r i n g  t h e  p e r i o d  o f  t h e  a f t e r  e f f e c t s ,  t h e  i n t e s t i n a l  j u i c e  
o f  a d e n e r v a t e d  s e c t i o n  showed a n  i n c r e a s e  i n  t h e  a c t i v i t y  o f  t h e  
a l k a l i n e  p h o s p h a t a s e  a n d  a m y l a s e ,  w h i l e  t h e  a c t i v i t y  o f  t h e  l y s o 
zyme d e c r e a s e d ;  t h e  d u r a t i o n  o f  t h e  c h a n g e s  o b s e r v e d  w a s  t h e  same 
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as f o r  t h e  j u i c e  f r o m  a n o r m a l  i n t e s t i n a l  s e c t i o n .  The a c t i v T t y  /327 
o f  t h e  e n t e r o p e p t i d a s e  w a s  n o t  e x a m i n e d  s y s t e m a t i c a l l y ;  t h e r e f o r e  , 
i t  d i d  n o t  a p p e a r  p o s s i b l e  t o  d e t e r m i n e  t h e  d y n a m i c s  o f  i t s  c h a n g e s .  
W e  can  o n l y  s a y  t h a t  i t s  a c t i v i t y  was a t  a much l o w e r  l e v e l  t h a n  i n  
t h e  j u i c e  f r o m  a r e g u l a r  s e c t i o n  ( T a b l e  1). 

A c o m p a r i s o n  o f  t h e  s t u d i e s ,  a f t e r  a s t a t i s t i c a l  a n a l y s i s ,  a l s o  
showed  t h a t  t h e  c h a n g e s  i n  t h e  s e c r e t o r y  a c t i v i t y  o f  b o t h  i n t e s t i n a l  
s e c t i o n s  h a c  t h e  same d i r e c t i o n .  

TABLE 1. SECRETION OF I N T E S T I N A L  J U I C E  A N D  ENZYMES FROM D E N E R V A T E D  
A N D  N O R M A L  I N T E S T I N A L  SECTIONS, B E F O R E  A N D  AFTER THE EFFECT OF P R O 
L O N G E D  TRANSVERSE ACCELERATIONS OF 8 g F O R  3 M I N ,  F O R  THE D O G  SIVYY. 

( A v e r a g e d  D a t a )  

I B e i o r e  A f t e r  I I 
~ ~I n d i c e s  I ~ ~ ~ c c e l -Change , ;l 

e r a t  i o n  e r a t i 0 1 1  1 

A l k a l i n e  qhospha - I 7600&2040 32300+12400 +320 <O ,05 
~ 

as e * a r bu n i t s / m lI? ary 6610+2400 8200+3050 +24 <o,l 
14,3&t3,6 35,7&9,7 +149 <0,05-

Amy1aseru n i t s / m l  t r a r Y  12I'0&7,3 53,0&15,4 +342 >0,05 
691f120 247+104 -64,2 >o ,02

L y s  ozyme. a r b  i t  r a w
I 379+88,5 226f95 

I_ 

<o,l-40
u n i t s  / m l  

N O T E :  The i n d i c e s  f o r  s e c r e t i o n  f r o m  a n o r m a l  i n t e s t i n a l  s e c t i o n  
a r e  shown a b o v e  t h e  l i n e ;  t h o s e  f rom a d e n e r v a t e d  s e c t i o n  a r e  shown 
b e l o w  t h e  l i n e .  

T h e r e f o r e ,  t h e  r e s u l t s  w e  o b t a i n e d  show t h a t ,  a f t e r  t h e  e f f e c t  
o f  t r a n s v e r s e  a c c e l e r a t i o n s  , t h e  q u a n t i t y  of t h e  j u i c e  d e c r e a s e s  
i n  t h e  d e n e r v a t e d  i n t e s t i n a l  s e c t i o n s ,  t h e  a c t i v i t y  o f  t h e  e n t e r o 
p e p t i d a s e  , a m y l a s e ,  a n d  a l k a l i n e  p h o s p h a t a s e  i n c r e a s e s ,  a n d  t h e  
a c t i v i t y  o f  t h e  l y s o z y m e  d e c r e a s e s .  The u n i d i r e c t i o n a l i t y  o f  t h e  
c h a n g e s  shows t h e  n e u r o h u m o r a l  r e g u l a t i o n  o f  t h e  s e c r e t o r y  a c t i v i t y  /328 
i n  t h e  s m a l l  i n t e s t i n e ,  h o w e v e r ,  t h e  l a c k  o f  c h a n g e  i n  t h e  q u a n t i t y  
o f  t h e  i n t e s t i n a l  j u i c e  o b t a i n e d  f r o m  t h e  d e n e r v a t e d  s e c t i o n  o f  
t h e  i n t e s t i n e  on t h e  f i r s t  day  a f t e r  t h e  a c c e l e r a t i o n s ,  a n d  t h e  
s i g n i f i c a n t l y  l o w e r  l e v e l  o f  t h e  c h a n g e s  d u r i n g  t h e  p e r i o d  o f  t h e  
a f t e r e f f e c t s  i n  c o m p a r i s o n  w i t h  t h e  s e c r e t i o n  o f  t h e  j u i c e  a n d  
enzymes  f r o m  t h e  i n t e s t i n a l  s e c t i o n  w i t h  a p r e s e r v e d  n e r v e  l i n k ,  
show t h e  i m p o r t a n t  r o l e  o f  t h e  c e n t r a l  n e r v o u s  s y s t e m  i n  t h e  
r e g u l a t i o n  of t h e  s e c r e t o r y  a c t i v i t y  of t h e  s m a l l  i n t e s t i n e .  
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WEIGHTLESSNESS AND CELL D I V I S I O N  I N  MICROSPORES OF 
TRADESCANTI A PALUDOSA 

N. L. Delone 

ABSTRACT:  G r a f t s  of T r a d e s c a n t i a  paZudosa, w i t h  
racemes in spec iaZ  " b i o - c a r t r i d g e s " ,  were p Zaced 
i n  t h e  c a b i n s  of t h e  "Vos tok-3" ,  "Vos tok-4" ,  
"Vostok-SIr ,  "Vos tok  ' 6 " ,  and "Voskhod" s p a c e c r a f t .  

F i v e  t y p e s  of d i s o r d e r s  of m i t o s i s  in t h e  
m i c r o s p o r e s  of t h e  T r a d e s c a n t i a ,  r e  Zated t o  t h e  
e f f e c t  of w e i g h t z e s s n e s s ,  were found .  

F a c t o r s  w h i c h  a r e  c h a r a c t e r i s t i c  o f  s p a c e ,  as  w e l l  as f a c t o r s  / 3 2 8  
r e l a t e d  t o  t h e  d y n a m i c s  o f  s p a c e  f l i g h t  ( p r i m a r i l y  w e i g h t l e s s n e s s )  
a f f e c t  l i v i n g  c e l l s  d u r i n g  s p a c e  f l i g h t .  

I n  our e x p e r i m e n t s  a b o a r d  t h e  " V o s t o k - 3 " ,  "Vos tok -4" ,  f f V o s t o k - 5 " ,  
"Vos tok -6"  , a n d  Voskhod" s p a c e c r a f t  w i t h  m i c r o s p o r e s  o f  T r a d e s c a n t i a  
p a l u d o s a ,  w e  d i s c o v e r e d  a number  of  d i s o r d e r s  i n  c e l l  d i v i s i o n .  
However ,  i t  r e m a i n s  t o  b e  e x p l a i n e d  w h e t h e r  or n o t  t h e  d u r a t i o n  o f  
t h e  f l i g h t  a f f e c t s  t h e  number  o f  d i s o r d e r s  w h i c h  o c c u r .  And i f  t h i s  
e f f e c t  d o e s  o c c u r ,  w h a t  f a c t o r  o f  s p a c e  f l i g h t  c a u s e s  t h e s e  d i s o r d e r s ?  

O B J E C T  A N D  METHODS 

The o b j e c t  o f  t h e  s t u d i e s  ( m i c r o s p o r e s  o f  T r a d e s c a n t i a  p a l u 
d o s a ,  S a c h s  s t r a i n  No. 5), t h e  m e t h o d  o f  c y t o l o g i c a l  p r e p a r a t i o n ,  
a n d  t h e  a p p a r a t u s  o f  t h e  " b i o - c a r t r i d g e s "  were  d e s c r i b e d  i n  d e t a i l  
i n  o u r  p r e c e d i n g  a r t i c l e s  [l-31. The e s s e n c e  o f  t h e  m e t h o d  i n  t h e  
s t u d y  o f  t h e  m i c r o s p o r e s  o f  T radescan t : . . ?  i s  t h e  f o l l o w i n g :  i f  w e  
know t h e  t i m e  o f  t h e  e f f e c t  o f  a n y  f a c t o r  on t h e  o b j e c t  a n d  t h e  
t i m e  o f  f i x a t i o n  o f  t h e  a n t h e r s ,  w e  c a n  e s t a b l i s h  t h e  p h a s e  o f  m i 
t o s i s  a t  w h i c h  t h e  e f f e c t  t o o k  p l a c e ,  w i t h  a s u f f i c i e n t  d e g r e e  o f  
a c c u r a c y .  A t  2 0 ° ,  t h e  e n t i r e  c y c l e  o f  c e l l  d i v i s i o n  i n  t h e  f i r s t  
p o s t m e i o t i c  m i t o s i s  o c c u r s  i n  1 0  d a y s ,  w h i l e  a t  30° i t  o c c u r s  i n  
7 d a y s .  T h u s ,  t h e  t i m e  f o r  t h e  p a s s i n g  o f  e a c h  o r b i t ,  b e g i n n i n g  
w i t h  t h e  i n t e r p h a s e ,  c a n  b e  c a l c u l a , t e d .  T h e r e f o r e ,  t h e  a c c u r a c y  
o f  d e t e r m i n i n g  t h e  l e n g t h  o f  t h e  m i t o t i c  p h a s e s  d e p ? n d s  on t h e  
a c c u r a c y  o f  t h e  d a t a  on t h e  c h a n g e s  i n  t e m p e r a t u r e  d u r i n g  t h e  e x 
p e r i m e n t  . H a v i n g  a n a l y z e d  t h e  c y t o l o g i c a l  p r e p a r a t i o n s  w i t h  t h e  /329  
m i c r o s p o r e s  o f  s p i d e r - w c . ; > t ,  w e  c a n  u s e  a m i c r o s c o p e  t o  f i n d  a n y  
v i s i b l e  c h a n g e s  a n d  d e t e r m i n e  " h i c h  f a c t o r ,  a t  w h i c h  p h a s e  o f  m i t o 
s i s ,  l e d  t o  t h e  g i v e n  d i s o r d e r .  

RESULTS 

We f o u n d  5 t y p e s  o f  d i s o r d e r s  i n  m i t o s i s  ( F i g u r e s  1 a n d  2 ) .  
I n  n o r m a l  m i t o s i s ,  t h e  n u c l e u s  i s  l o c a t e d  a t  t h e  c e n t e r  of t h e  c e l l  
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d u r i n g  t h e  e a r l y  i n t e r p h a s e ,  a n d  t h e n  moves t o w a r d  
t h e  m i d d l e  p r o p h a s e ,  it r e t u r n s  t o  t h e  c e n t e r .  The 
l a y e r  r e m a i n s  p a r a l l e l  t o  t h e  t h i c k e n e d  w a l l  o f  t h e  
The s e p a r a t i o n  o f  t h e  chromosomes  i n  t h e  t e l o p h a s e  
i n  t h e  b i n u c l e a r  p o l l e n  i s  d e f i n i t e l y  s e c u r e d ,  a n d  

a c o r n e r .  I n  
m e t a p h a s a l  
m i c r o s p o r e .  

a n d  t h e  n u c l e i  
t h e  g e n e r a t i v e  

n u c l e u s  i s  l o c a t e d  a r o u n d  t h e  t h i c k e n e d  w a l l .  The m o r p h o l o g i c a l  
p i c t u r e s  o f  t h e  d i s o r d e r s  w e  d i s c o v e r e d  a r e  t h e  f o l l o w i n g :  

Aetaphase 

F i g .  1. F i v e  Types  o f  D i s o r d e r s  i n  t h e  Mechanism o f  M i t o s i s  i n  
M i c r o s p o r e s  o f  S p i d e r w o r t .  

Type I. The n u c l e u s  r e m a i n s  n e a r  t h e  r i m  o f  t h e  c e l l ,  a n d  d o e s  
n o t  move t o w a r d  t h e  c e n t e r .  However ,  t h e  chromosomes  f o r m  i n d i v i d u a l  
m e t a p h a s a l  b o d i e s  a n d  s p l i t ,  as i n  t h e  a n a p h a s e ;  t h e y  do n o t  become 
s e p a r a t e d ,  b u t  r e m a i n  a t t a c h e d  t o  c e n t r o m e r e  s e g m e n t s .  A mono-
n u c l e a r  c e l l ,  i n s t e a d  o f  b i n u c l e a r  p o l l e n ,  i s  f o r m e d .  

Type 11. The n u c l e u s  moves f o r w a r d  t o w a r d  t h e  c e n t e r  of  t h e  
c e l l  i n  t h e  p r o p h a s e ,  b u t  i n  t h e  m e t a p h a s e  a l l  t h e  chromosomes  seem 
t o  b e  j o i n e d  t o  c e n t r o m e r e  s e g m e n t s  a n d  f o r m  a “ r o s e t t e ” .  The c h r o - /330 
mosomes s p l i t  u p ,  as  i n  t h e  a n a p h a s e  a n d  t e l o p h a s e ,  b u t  t h e y  a r e  
n o t  s e p a r a t e d .  Then ,  as i n  Type I, a m o n o n u c l e a r  c e l l  i s  f o r m e d ,  
i n s t e a d  o f  a b i n u c l e a r  p o l l e n .  

Type 111. The d i r e c t i o n  o f  t h e - a x i s  o f  t h e  s p i n d l e  c h a n g e s .  
The chromosomes  i n  t h e  m e t a p h a s e  a n d  t e l o p h a s e ,  a n d  t h e  n u c l e i  i n  
t h e  b i n u c l e a r  p o l l e n ,  a r e  l o c a t e d  i n  a d i f f e r e n t  p l a n e  t h a n  i n  t h e  
norm.  

Type IV. T h e r e  i s  n o  s e p a r a t i o n  o f  i n d i v i d u a l  ch romosomes .  

Type V .  . T r i - p o l a r  a n d  t e t r a - p o l a r  m i t o s e s  o c c u r ,  l e a d i n g  t o  
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t o  t h e  f o r m a t i o n  o f  t r i - a n d  t e t r a - n u c l e a r  c e l l s ,  

I n  p r e p a r i n g  t h e  p r e p a r a t i o n s  , t h e r e  may b e  a r t e f a c t s  w h i c h  
a r e  s i m i l a r  t o  Type 111; t h e y  s h o u l d  be k e p t  i n  mind  when a n a l y z i n g  
t h e  m a t e r i a l s .  However ,  Types  I ,  11, I V Y  a n d  V o f  t h e  d i s o r d e r s  
d o  n o t  a p p e a r  i n  t h i s  case .  

The f l i g h t s  o f  a l l  o f  t h e  s p a c e c r a f t  l e d  t o  t h e  a p p e a r a n c e  o f  
d i s o r d e r s  i n  t h e  mechan i sm o f  m i t o s i s  ( T a b l e s  1 t o  5 ,  F i g u r e s  3 
a n d  4 ) .  F o r  a more d e t a i l e d  a n a l y s i s ,  t h e  a s t r o n a u t s  p e r f o r m e d  
f i x a t i o n  of  t h e  m a t e r i a l s  a t  v a r i o u s  s t a g e s  o f  f l i g h t :  P.R. 
P o p o v i c h ,  a f t e r  56 h o u r s ;  V.F. B y k o v s k i y ,  1, 5 ,  .76,  a n d  1 2 0  h o u r s  
a f t e r  l a u n c h i n g ;  B . B .  Y e g o r o v ,  1 h o u r  a n d  30 m i n u t e s  b e f o r e  l a n d i n g .  
A f t e r  t h e  l a n d i n g ,  t h e  m a t e r i a l s  were  a l s o  f i x e d  a t  v a r i o u s  i n t e r v a l s .  

The d e g r e e  o f  r e l i a b i l i t y  f o r  t h e  d i f f e r e n c e s  i n  t h e  d a t a  b e 
t w e e n  t h e  e x p e r i m e n t a l  g r o u p s  f r o m  t h e  c r a f t  " V 0 s t o k - 5 ' ~ ,  w h i c h  w e r e  
f i x e d  a t  v a r i o u s  t i m e s ,  i s  t h e  f o l l o w i n g :  b e t w e e n  t h e  f i r s t  f i x a 
t i o n  by V.F. B y k o v s k i y  ( 1 . 5  h o u r s  a f t e r  l a u n c h i n g )  a n d  t h e  s e c o n d  
( a f t e r  76 h o u r s ) ,  i t  i s  R = 2 . 5 ;  b e t w e e n  t h e  f i r s t  f i x a t i o n  a n d  
t h e  f o u r t h  ( 3 . 5  h o u r s  a f t e r  l a n d i n g ) ,  i t  i s  R = 1 0 . 5 .  The d e g r e e  
o f  r e l i a b i l i t y  f o r  t h e  d i f f e r e n c e  i n  t h e  d a t a  b e t w e e n  t h e  e x p e r i 
m e n t a l  g r o u p s  f r o m  t h e  c r a f t  "Voskhod-1" i s  t h e  f o l l o w i n g :  f o r  
f i x a t i o n  2 h o u r s  a n d  1 5  min ( a n d  48 h o u r s )  a f t e r  l a n d i n g ,  i t  i s  
R = 4 . 5 ;  f o r  f i x a t i o n  2 4  ( a n d  4 8 )  h o u r s  a f t e r  l a n d i n g ,  i t  i s  R = 4 . 5 ;  
f o r  f i x a t i o n  4 8  ( a n d  1 2 0 )  h o u r s  a f t e r  l a n d i n g ,  R = 6 . 2 .  

I t  was e s t a b l i s h e d  t h a t  d i s o r d e r s  o f  Type I11 o c c u r  e a r l i e s t ,  
w h i l e  t h o s e  o f  Types  I1 a n d  V o c c u r  l a s t .  

DISCUSSION 

We d i d  n o t  c o l l e c t  enough  m a t e r i a l s  t o  a n s w e r  t h e  q u e s t i o n  o f  
t h e  n a t u r e  o f  t h e  c a u s e s  f o r  t h e  d i s o r d e r s  i n  t h e  m i t o s i s  t h a t  
o c c u r r e d :  w h e t h e r  t h e r e  were d i r e c t i o n a l  b o d i e s  a n d  c e n t r o m e r e s  
w h i c h  p a r t i c i p a t e d  a c t i v e l y  i n  t h e  m i t o s i s ,  or w h e t h e r  t h e  d i s o r d e r s  
o c c u r r e d  as a s e c o n d a r y  e f f e c t .  Types  I a n d  I1 c o u l d  h a v e  o c c u r r e d  
d u r i n g  n o n - s e p a r a t i o n  o f  a d i r e c t i o n a l  b o d y ;  Type V ,  d u r i n g  e x t r a n 
e o u s  d i v i s i o n  o f  t h e  d i r e c t i o n a l  b o d y ;  Type  I V Y  d u r i n g  i n j u r y  o f  a 
c e n t r o m e r e .  N e v e r t h e l e s s  , it  i s  p o s s i b l e  t h a t  a l l  t h e  s t r u c t u r e s  
were p r e s e r v e d  as  a w h o l e ,  w h i l e  t h e  p a r t i c u l a r  c o n d i t i o n s  o f  t h e  
f l i g h t  c a u s e d  a d i s o r d e r  i n  t h e i r  f u n c t i o n .  

The e v e n t s  o c c u r r i n g  i n  r e l a t i o n  t o  t h e  r e o r i e n t e d  s p i n d l e  
o b v i o u s l y  c o u l d  a p p e a r  e v e n  a f t e r  t h e  s p i n d l e  w a s  f i r s t  e s t a b l i s h e d  
c o r r e c t l y .  A c o n f i r m a t i o n  o f  t h i s  a s s u m p t i o n  i s ,  f o r  e x a m p l e ,  t h e  
s i g n i f i c a n t  number  o f  i n c o r r e c t l y - a r r a n g e d  n u c l e i  i n  t h e  b i n u c l e a r  
p o l l e n ,  e v e n  1 . 5  h o u r s  a f t e r  t h e  l a u n c h i n g  o f  t h e  "Vos tok -5" .  Not  
a l l  t h e  r e c o r d e d  m i t o t i c  d i s o r d e r s  h a v e  t h e  c h a r a c t e r  o f  g e n e t i c  
c h a n g e s .  T h u s ,  t h e  m o s t  f r e q u e n t l y  f o u n d  Type  I11 s h o u l d  l e a d  t o  
a n o r m a l  f o r m a t i o n  o f  g a m e t e s .  However ,  Types  I a n d  I1 l e a d  t o  
t h e  f o r m a t i o n  o f  p o l y p l o i d  c $ l l s ,  a n d  T y p e s  I V  a n d  V l e a d  t o  a n e u 
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F i g .  2 .  M i c r o s p o r e s  o f  S p i d e r w o r t  B e f o r e  (1-3) and A f t e r  a S p a c e  
F l i g h t  ( 4 - 8 ) .  (1) Metaphase ;  ( 2 )  T e l o ' p h a s e ;  (3) B i n u c l e a r  P o l l e n ;  
( 4 )  B i n u c l e a r  P o l l e n  w i t h  C e n t e r - O r i e n t e d  N u c l e i ;  ( 5 )  C h r o m o s o m e s  
J o i n e d  w i t h  C e n t r o m e r e s .  a t  a C o r n e r  o f  t h e  C e l l ;  ( 6 )  " R o s e t t e "  o f  
C h r o m o s o m e s ;  ( 7 )  R e m a i n i n g  C h r o m o s o m e ;  ( ' 8 )  I n c o r r e c t  A r r a n g e m e n t  
o f  t h e  C h r o m o s o m e s .  
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T A B L E  1. N U M B E R  O F  C E L L S  W I T H  M I T O T I C  D I S O R D E R S  I N  T H E  M I C R O S P O R E S  O F  
T R A D E S C A N T I A  P A L U D O S A ,  O C C U R R I N G  U N D E R  T H E  I N F L U E N C E  OF F A C T O R S  O F  S P A C E  
F L I G H T  A B O A R D  T H E  " V O S T O K - 3 "  A N D  " V O S T O K - 4 "  S P A C E C R A F T .  ( A N A L Y S I S  O F  

A N A P H A S E S  A N D  T E L O P H A S E S )  

I P h a s e s  of ) N o ,  I No. of Types ,  di  s r d e r s  
Time of Fixation Mitosis I1 I V -----of theMater ia l s  *ffected by 

I 
t h e F n c t o r s  , % abs % abs  p;-

1 

15 2,11f0,54 6 0,35 4 0.56 

; Metaphase.  'I 
Vostok -' 3 " ~  IMidNe'andLate 401 4 0,99fO,50 2 0,49 1 0,2518 h r s  after InterphaseEarly 

lan&ng Prophase
"Vostok-4" 4 8 ' h r s  1 . Middle 

after landing I l n te rphase  

I

i 33 

2 2,40f 1,68 - - 1 1,20 

Control I 1 1000 - - - - - _ .  
in  Moscow i 



T A B L E  2 .  N U M B E R  O F  C E L L S  WITH MITOTIC DISORDERS IN THE MICROSPORES O F  
T R A D E S C A N T I A  P A L U D O S A ,  O C C U R R I N G  U N D E R  T H E  I N F L U E N C E  O F  F A C T O R S  O F  S P A C E  
F L I G H T  A B O A R D  T H E  " V O S T O K - 3 "  A N D  " V O S T O K - 4 "  S P A C E C R A F T .  ( A N A L Y S I S  O F  

B I N U C L E A R  P O L L E N )  

Time P h a s e s  Tvpes of d i sorders  
.of fixation df mjtosis I11 

of the affected by 

I
1 ofnzells 

a b s  I 
V 

in $J a b s  i n $  * mmaterials I the 
"Vostok-4 Binuclear
56 h r s a f t e r  pollen 1 500 1 0 ,2 f0 ,20  11 

4 0.8f0.39 13 

hr	s.after 
2 0 ,4&Q3V 7 

landing lnterpnase 
Control at the - 500 - 2

Cosmodrome 
- -Control in  MOSCOW 500 i 
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T A B L E  3 .  N U M B E R  O F  C E L L S  W I T H  M I T O T I C  D I S O R D E R S  I N  T H E  M I C R O S P O R E S  OF 
T R A D E S C A N T I A  P A L U D O S A ,  O C C U R R I N G  U N D E R  T H E  E F F E C T  O F  F A C T O R S  OF S P A C E  
F L I G H T  A B O A R D  T H E  " V O S T O K - 5 "  A N D  " V O S T O K - 6 "  S P A C E C R A F T .  ( A N A L Y S I S  OF 

A N A P H A S E S  A N D  T E L O P H A S E S  ) 

- d i  F - d i s o r-

ab s - -I L.- -I 

% abs % ib s %- - 
6 0,08 1 468 4 0.33 - 

10 0.50 3 0.75 4 1,oo 1 0; 25 
l a u n c h i n g .  I 

32 0,68 11 1,07 13 1.26 1 0,09 

54 0,76 17 0.92 20 1.08 3 0,16 

l a n d i n g  1 
62 2,75 f 0.10 16 0,65 21 ),93 23 1.08 2 3,09 . 

l a n d i n g  
C o n t r o l  a t  - - - - - - - - - - -

t h e  Cosmodrome 



/ 3 3 4  

h rs  

F i g .  3 .  V a r i o u s  T y p e s  o f  M i t o t i c  D i s o r d e r s  ( i n  % )  O c c u r r i n g  i n  C e l l s  
d u r i n g  F l i g h t  A b o a r d  t h e  " V o s t o k - 5 "  ( A )  a n d  "Voskhod" ( B ) .  The 
Numbers I n d i c a t e  t h e  T y p e s  o f  D i s o r d e r s .  

44 

gLi I I I L l  1 I I 

1 , 5 h r  7 6 h r S  O-UI U I C ' ;  48hrs 1 2 0 h r s  
c\ Fc h.4

T i m e  o f  F i x a t i o n  -c c E C T i m e  o f  F i x a t i o n  
InA f t e r  T a k e - O f f  cv m8z3 A f t e r , L a n d i n g  
4 

F i g .  4 .  Q u a n t i t y  o f  C e l l s  w i t h  M i t o t i c  D i s o r d e r s  ( i n  % )  O c c u r r i n g  
D u r i n g  F l i g h t  A b o a r d  t h e  "Vostok-5"  ( A )  a n d  "Voskhod" (B). 
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T A B L E  4 .  NUMBER O F  C E L L S  W I T H  M I T O T I C  D I S O R D E R S  I N  THE M I C R O S P O R E S  OF 
T R A D E S C A N T I A  P A L U D O S A ,  O C C U R R I N G  UNDER THE E F F E C T  O F  F A C T O R S  O F  S P A C E  F L I G H T  
ABOARD THE " V O S T O K - 5 "  A N D  " V O S T O K - 6 "  S P A C E C R A F T .  ( A N A L Y S I S  OF B I N U C L E A R  

P O L L E N )  

-
T i m e  of I P h a s e s  o f  Iis orde_rs~-

f i x a t i o n  m i t o s i s  
o f  + h e  a f f e c t e d . b v  t h e  I11 

m a t e r i a l s  f a c t o r s  ab s-
io00 - 19 

1000 1 21 

io00 1 20 

1900 1 0,1 29 i 2.9 

1000 2 0,2 25 2.5 

1000 - - 1 0.mt h e  p n s m n d r o m e
C o n t r o l  I -

a t  Plloscow 
.. -. - . ... .... .. 
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TABLE 5 .  N U M B E R  OF CELLS W I T H  M I T O T I C  DISORDERS I N  THE MICROSPORES OF 
TRADESCANTIA PALUDOSA, O C C U R R I N G  U N D E R  THE EFFECT OF FACTORS OF SPACE 
FLIGHT A B O A R D  THE "VOSKHOD-1" SPACECRAFT. (ANALYSIS OF ANAPHASES A N D  

TELOPHASES) 

T i m e  of  I P h a s e s  o f  1 , D e s  o f  d i s o r d e r s  

t h e  m a t e r i a l s1 a f f e c t e d  b y
t h e  t a c t o r s  

-
-% 

-
-% 

2 2  h r s - 3 0  min Midd le .  L a t e  
af t e r l a u n c h i n  d P r o p h a s  e 

105 - 0.95 

1651 12 o,p*0,21 1 0,06 0.48 

12 0,97 f 0828 2 0.16 0.49 

54 2,17 f0,35 15 0,71 0.43 

f i x a t i o n  n f  mit os  i s  L 
111 v ,I1 

-E a r l y  
3 0.09 f 0.05 2 0.06 

l a n d i n g  
- - - - -C o n t v n l  a t  t h e  loo0 

Cosmodrome 
- .  -

i 



p l o i d s  a n d  h y p e r p l o i d s .  The phenomenon o f  p r i m a r y  n o n - s e p a r a t i o n  
o f  t h e  chromosomes  d u r i n g  t h e  e f f e c t  o f  s p a c e - f l i g h t  f a c t o r s  on  
D r o s o p h i l a  w a s  o b s e r v e d  by  N.P. D u b i n i n  C41. 

The f i x a t i o n  o f  t h e  m a t e r i a l s  a t  v a r i o u s  t i m e s  a f t e r  l a u n c h i n g  
p r o v e d  t h a t  t h e  l o n g  d u r a t i o n  o f  t h e  f l i g h t  a b o a r d  t h e  "Vos tok -5"  
l e d  t o  a n  i n c r e a s e  i n  t h e  number  o f  d i s o r d e r s  i n  t h e  mechan i sm o f  
m i t o s i s  ( s e e  F i g u r e  3 ) .  However ,  t h e s e  same d a t a  c o u l d  also b e  /337 
e x p l a i n e d  by  t h e  v a r y i n g  s e n s i t i v i t y  o f  t h e  m i t o t i c  o r b i t s ,  i f  w e  
a s s u m e  t h a t  t h e  p e a k  o f  s e n s i t i v i t y  o c c u r s  a t  t h e  e a r l y  i n t e r p h a s e ,  
a n d  t h e  s e n s i t i v i t y  d e c r e a s e s  as t h e  m i t o t i c  o r b i t s  p a s s .  We s h o u l d  
n o t e  t h a t  t h e  f i r s t  f i x a t i o n  ( 1 . 5  h o u r s  a f t e r  l a u n c h i n g )  made i t  
p o s s i b l e  t o  s t u d y  t h e  m e t a p h a s i c  c e l l s  , b e g i n n i n g  o n l y  w i t h  t h e  
l a t e  p r o p h a s e ,  w h i l e  t h e  l a s t  f i x a t i o n  ( a f t e r  1 2 0  h o u r s )  showed 
c e l l s  w h i c h  came i n t o  b e i n g  d u r i n g  t h e  f l i g h t ,  b e g i n n i n g  w i t h  t h e  
e a r l y  i n t e r p h a s e  ( s e e  T a b l e  3 ) .  

The e x p e r i m e n t s  a b o a r d  t h e  "Voskhod-1"  showed  t h a t  t h e  m o s t  
s e n s i t i v e  o r b i t  ( t h e  c r i t e r i o n  f o r  s e n s i t i v i t y  was t h e  number  o f  
c e l l s  w i t h  m i t o t i c  d i s o r d e r s )  w a s  t h e  l a t e  i n t e r p h a s e .  I n a s m u c h  as 
t h e  e n t i r e  f l i g h t  l a s t e d  o n e  f u l l  d a y ,  w e  d e t e r m i n e d  t h e  e f f e c t  
o f  a l l  t h e  f a c t o r s  o f  t h e  s p a c e  f l i g h t  i n  t h e  e a r l y  i n t e r p a h s e  b y  
f i x a t i o n  1 2 0  h o u r s  a f t e r  l a n d i n g ;  i n  t h e  l a t e  i n t e r p h a s e ,  by  f i x a 
t i o n  48 h o u r s  a f t e r  l a n d i n g ;  i n  t h e  e a r l y  p r o p h a s e ,  by  f i x a t i o n  2 4  
h o u r s  a f t e r  l a n d i n g ;  i n  t h e  m i d d l e  a n d  l a t e  p r o p h a s e ,  by f i x a t i o n  
2 h o u r s  a n d  1 5  m i n u t e s  a f t e r  l a n d i n g .  

T h u s ,  w e  n e e d e d  t o  c o n d u c t  two  e x p e r i m e n t s  i n  o r d e r  t o  show 
t h a t  t h e  number  o f  c e l l s  w i t h  m i t o t i c  d i s o r d e r s  i n c r e a s e s  w i t h  a n  
i n c r e a s e  i n  t h e  d u r a t i o n  o f  t h e  f l i g h t .  M o r e o v e r ,  w e  know f r o m  t h e  
d a t a  f r o m  p h y s i c a l  a n d  b i o l o g i c a l  d o s i m e t r y ,  t h a t  t h e  b a c k g r o u n d  
o f  r a d i a t i o n  i n s i d e  t h e  c r a f t  d u r i n g  t h e  f l i g h t s  w a s  e x t r e m e l y  l o w .  

On t h e  o t h e r  h a n d ,  t h e  a c c e l e r a t i o n s  a n d  v i b r a t i o n s  c o r r e s p o n d 
i n g  t o  t h e  c l i m b  a n d  d e s c e n t  m u s t  h a v e  b e e n  i d e n t i c a l  i n  a l l  t h e  
cases  f o r  t h e  e x p e r i m e n t s  w e  m e n t i o n e d .  T h e r e f o r e ,  o f  a l l  t h e  
f a c t o r s  o f  a s p a c e  f l i g h t ,  o n l y  t h e  f a c t o r  o f  d y n a m i c  w e i g h t l e s s n e s s  
a f f e c t e d  t h e  c e l l s  t o  a g r e a t e r  d e g r e e  as t h e  d u r a t i o n  o f  t h e  
f l i g h t s  i n c r e a s e d .  T h u s ,  w e  m u s t  a t t r i b u t e  a n y  d i s o r d e r  i n  t h e  
mechan i sm f o r  m i t o s e s  i n  t h e  m i c r o s p o r e s  t o  t h e  e f f e c t  o f  w e i g h t l e s s 
n e s s .  
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CHANGES OF CERTAIN BIOCHEMICAL INDICES IN ANIMALS 
DURING THE EFFECT OF ACCELERATION AFTER Y-IRRADIATION 

Ye.A. A b a t u r o v a ,  V.V. A n t i p o v ,  B . I .  Davydov ,
a n d  N. G .  D e m o c h k i n a  

ABSTRACT: T i s s u e  r e s p i r a t i o n  and hydrogenase
a c t i v i t y  i n  t h e  cerebrum, myocardium and smaZ 2 
i n t e s t i n e  were examined dur ing  t h e  e f f e c t  o f  
acce  Z e r a t i o n  on i r r a d i a t e d  a n i m a t s .  There  was 
a smaZZ i n c r e a s e  i n  t h e  t i s s u e  r e s p i r a t i o n  and 
t h e  a c t i v i t y  o f  t h e  g Zycerophospha t in  dehydro
genase was decreased  f o r  two d a y s .  The changes 
i n  t h e  t i s s u e  r e s p i r a t i o n  i n  t h e  cerebrum and 
myocardium were i n s i g n i f i c a n t .  There  was an 
i n c r e a s e  i n  t h e  a c t i v i t y  o f  t h e  aZkaZine phos 
p h a t a s e  i n  t h e  t i s s u e  o f  t h e  s tomach.  

The combined  e f f e c t  o f  d y n a m i c  f a c t o r s  a n d  r a d i a t i o n  w a s  e x - / 3 3 8  
a m i n e d  i n  a number  o f  s t u d i e s  [ 1 , 4 , 6 , 1 5 ] ;  i t  w a s  shown t h a t  a c c e l 
e r a t i o n s  a n d  v i b r a t i o n s  c h a n g e  t h e  c o u r s e  o f  a r a d i a t i o n  r e a c t i o n .  
I n  a d d i t i o n ,  a number  o f  e x p e r i m e n t s  h a v e  b e e n  c o n d u c t e d  t o  s t u d y  
t h e  mechan i sms  f o r  t h e  d i s t o r t e d  r e a c t i o n  o f  a n  o r g a n i s m  t o  t h e  
c o m b i n e d  e f f e c t  o f  d y n a m i c  f a c t o r s  f o r  f l i g h t  a n d  r a d i a t i o n .  I t  
h a s  b e e n  shown t h a t  d u r i n g  t h e  e f f e c t  o f  a c c e l e r a t i o n  a n d  i o n i z i n g  
r a d i a t i o n ,  t h e r e  a r e  c h a n g e s  i n  t h e  c o n t e n t  o f  b i o l o g i c a l l y  a c t i v e  
compounds ( c e r u l o p l a s m i n ,  s e r o t o n i n ,  a d r e n a l i n ,  a n d  n o r a d r e n a l i n  
[ 8 , 1 2 1 ) .  

We h a d  p r e v i o u s l y  c o n c l u d e d  t h a t  t h e  c h a n g e s  i n  t h e  s e r o t o n i n  
c o n t e n t  a f t e r  a c c e l e r a t i o n  a n d  e x p o s u r e  t o  i o n i z i n g  r a d i a t i o n  a r e  
p o s s i b l y  c a u s e d  by c h a n g e s  o c c u r r i n g  i n  t h e  g a s t r o i n t e s t i n a l  t r a c t .  
T h e r e f o r e ,  i t  seemed  o f  d e f i n i t e  i n t e r e s t  t o  s t u d y  t i s s u e  r e s p i 
r a t i o n ,  a n a e r o b i c  g l y c o l y s i s ,  a n d  c e r t a i n  enzyme s y s t e m s  i n  t h e  
t i s s u e s  o f  t h e  s t o m a c h  a n d  t h e  i n t e s t i n e ,  as w e l l  as i n  t h e  c e r e b r u m ,  
myoca rd ium,  a n d  s k e l e t a l  m u s c l e ,  i n  v i e w  o f  t h e  s i g n i f i c a n c e  o f  
t h e  l a t t e r  i n  t h e  g e n e r a l  r e a c t i o n  o f  a n  o r g a n i s m  t o  f a c t o r s  o f  
s p a c e  f l i g h t .  

METHODS 

The e x p e r i m e n t s  were c o n d u c t e d  on 5 0  w h i t e  mice o f  n o  p a r t i c 
u l a r  s t r a i n  a n d  40 male  mice  o f  t h e  S V A  s t r a i n ,  w e i g h i n g  19 -22  g .  
The w h i t e  mice were  r o t a t e d  i n  a c e n t r i f u g e  f o r  1 h o u r  (10 g ) ,  
w h i l e  t h e  mice o f  t h e  SVA s t r a i n  were r o t a t e d  f o r  5 min ( 4 0  g ) .  
Some o f  t h e  a n i m a l s  w e r e  r o t a t e d  1 0  d a y s  a f t e r  a s i n g l e  g e n e r a l  
y - i r r a d i a t i o n  w i t h  Co60 i n  a d o s e  o f  7 0 0  r ( 1 8  r / m i n ) .  The mice 
were d e c a p i t a t e d  3 0 ,  m i n ,  3-6 h o u r s ,  a n d  1, 2 ,  5 ,  7 ,  8, 2 1 ,  a n d  22 
d a y s  a f t e r  t h e  e f f e c t  o f  t h e  a c c e l e r a t i o n s .  
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I n  t h e  c e r e b r u m ,  myoca rd ium,  s k e l e t a l  m u s c l e  ( h i p ) ,  a n d  
s m a l l  i n t e s t i n e ,  w e  m e a s u r e d  t h e  t i s s u e  r e s p i r a t i o n  ( a b s o r p t i o n  
of  02 a n d  r e s p i r a t i o n a l  c o e f f i c i e n t )  a c c o r d i n g  t o  t h e  me thod  o f  / 339  
N . P .  Mechkova a n d  S.Ye S e v e r i n  C71 a n d  t h e  a n a e r o b i c  g l y c o l y s i s  
( e x c e p t  f o r  t h e  s m a l l  i n t e s t i n e ) ,  u s i n g  t h e  m o d i f i c a t i o n  o f  t h e  
same a u t h o r s .  I n  c a r r y i n g  o u t  t h e  l a t t e r  e x a m i n a t i o n ,  i n c u b a t i o n  
i n  a Warburg  a p p a r a t u s  w a s  r e p l a c e d  by s t o r a g e  f o r  2 h o u r s  i n  a 
t h e r m o s t a t i c  chamber  a t  37O. We d e t e r m i n e d  t h e  amount  o f  l a c t i c  
a c i d  f o r m e d  d u r i n g  t h i s  t i m e  w i t h  t h e  a i d  o f  p a r a o x y d i p h e n y l  C71. 
I n  t h e  c e r e b r u m ,  myoca rd ium,  s k e l e t a l  m u s c l e ,  a n d  s m a l l  i n t e s t i n e  , 
w e  a l s o  determined t h e  a c t i v i t y  o f  t h e  a - g l y c e r o p h o s p h a t i c  a n d  
s u c c i n i c  d e h y d r o g e n a s e s  by  means  o f  t h e  c h a n g e  ( b y  t i s s u l a r  e x t r a c t s )  
of  c o l o r l e s s  t r i p h e n y l - t e t r a z o l e  i n t o  r e d  f o r m a z a n  C51. The d e t e r 
m i n a t i o n  o f  t h e  a c t i v i t y  o f  t h e  g l y c e r o p h o s p h a t i c  d e h y d r o g e n a s e  
a l l o w e d  u s  t o  s t u d y  t h e  e f f e c t  o f  a c c e l e r a t i o n s  on g l y c o l y s i s  a n d  
t h e  p r e s e n c e  or a b s e n c e  o f  a s h i f t  i n  t h e  g l y c o l y t i c  p r o c e s s  o f  a n  
e x c h a n g e  o f  c a r b o h y d r a t e s  f o r  l i p i d s .  

M o r e o v e r ,  i n  t h e  e x t r a c t  f r o m  t h e  s t o m a c h ,  w e  e x a m i n e d  p e p s i n  
b y  t h e  Hun t  me thod  i n  t h e  m o d i f i c a t i o n  o f  B . I .  S a b s a y  [ l o ] ;  i n  
t h e  e x t r a c t  f rom t h e  u p p e r  t h i r d  o f  t h e  s m a l l  i n t e s t i n e ,  we e x - . 
a m i n e d  t h e  a l k a l i n e  p h o s p h a t a s e  by  t h e  me thod  o f  G . K .  S h l y g i n .  

RESULTS AND DISCUSSION 

I n  e v a l u a t i n g  t h e  r e s u l t s  o b t a i n e d  c o n c e r n i n g  t h e  t i s s u e  
r e s p i r a t i o n s  a n d  t h e  a c t i v i t y  o f  t h e  d e h y d r o g e n a s e s ,  w e  m u s t  c o n s i d e r  
t h e  f a c t  t h a t  d u r i n g  t h e  i n c u b a t i o n  o f  t h e  t i s s u l a r  e l e c t u a r i e s ,  
w e  a r e  a r t i f i c i a l l y  p r o d u c i n g  f a v o r a b l e  c o n d i t i o n s  f o r  t h e  enzyme 
p r o c e s s e s  b e i n g  s t u d i e d  (pH o f  t h e  medium, oxygen  s u p p l y ,  e t c . ) .  
T h e r e f o r e ,  i f  t h e  enzymes  d i d  n o t  u n d e r g o  a n  i r r e v e r s i b l e  i n h i b i 
t i o n ,  b u t  t h e i r  a c t i v i t y  w a s  m e r e l y  s u p p r e s s e d  as a r e s u l t  o f  a 
d i s o r d e r  i n  t h e  o x y g e n  t r a n s p o r t ,  by p l a c i n g  t h e  t i s s u l a r  e l e c t u 
a r i e s  u n d e r  a r t i f i c i a l  c o n d i t i o n s  o f  i n c u b a t i o n  we c a n  i n c r e a s e  
t h e  a c t i v i t y  of t h e i r  enzyme s y s t e m s  i n  t h e  same way,  on t h e  con
d i t i o n  t h a t  t h e  n e c e s s a r y  s u b s t r a t e s  a r e  p r e s e n t .  The q u a n t i t y  
o f  t h e  l a t t e r  c a n  e v e n  e x c e e d  t h e  norm i f  t h e  b l o o d  c i r c u l a t i o n  
( a n d  t h u s ,  t h e  o x y g e n  t r a n s p o r t  t o  t h e  t i s s u e s )  i s  d i s t u r b e d .  I n  
s u c h  c a s e s ,  i n  t h e  e x p e r i m e n t s  i n  v i t r o ,  w e  c a n  f i n d  a n  i n c r e a s e  
i n  t h e  o x y g e n  r e q u i r e m e n t  f o r  t h e  t i s s u l a r  e l e c t u a r i e s ,  a l t h o u g h  
i t  may p o s s i b l y  b e  d e c r e a s e d  i n  t h e  o r g a n i s m .  

The a b s o r p t i o n  o f  oxygen  by  t h e  s m a l l  i n t e s t i n e  w a s  s u p p r e s s e d  
i n  b o t h  g r o u p s  o f  m i c e  ( w i t h  a n d  w i t h o u t  i r r a d i a t i o n ,  T a b l e  1). 
However ,  t h i s .  o c c u r r e d  o n l y  t o  a s m a l l  d e g r e e ,  a n d  o n l y  d u r i n g  
t h e  f i r s t  h o u r s  a f t e r  t h e  a c c e l e r a t i o n s .  The  r e s p i r a t i o n a l  co 
e f f i c i e n t  w a s  h a l v e d  f o r  t h e  f i r s t  two  d a y s ;  i n  t h i s  c a s e ,  t h e r e  
w a s  a s i m u l t a n e o u s  o c c u r r e n c e  of  c o m p l e t e  s u p p r e s s i o n  o f  t h e  a c t i v 
i t y  o f  t h e  s u c c i n i c  d e h y d r o g e n a s e .  The t i s s u e  r e s p i r a t i o n  ( d e t e r 
m i n e d  by t h e  a c t i v i t y  o f  t h e  s u c c i n i c  d e h y d r o g e n a s e )  was r e s t o r e d  
o n e  week a f t e r  r o t a t i o n  i n  t h e  c e n t r i f u g e .  T h r e e  weeks  l a t e r ,  
t h e r e  w a s  a s i g n i f i c a n t  d e c r e a s e  i n  t h e  a c t i v i t y  o f  b o t h  d e h y d r o 
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g e n a s e .  The d a t a  p r e s e n t e d  show a l a c k  o f  n o r m a l i z a t i o n  i n  t h e  / 340 

s m a l l  i n t e s t i n e  for t h e  c a r b o h y d r a t e  e x c h a n g e ,  f o r  a p e r i o d  o f  3 

weeks  a f t e r  t h e  a c c e l e r a t i o n ,  p a r t i c u l a r l y  w i t h  i r r a d i a t i o n  ( s e c o n d  

g r o u p  o f  m i c e ) .  O f  p a r t i c u l a r  n o t e  i s  t h e  g e n e r a l  d e h y d r o g e n a s e  

a c t i v i t y  w h i c h  g r e a t l y  e x c e e d e d  t h e  norm ( w i t h o u t  a d d i t i o n  o f  sub 

s t r a t e s  f o r  t h e  e f f e c t  o f  t h e  d e h y d r o g e n a s e s )  d u r i n g  t h e  f i r s t  

h o u r s  a f t e r  r o t a t i o n  w i t h  i r r a d i a t i o n .  T h i s  i s  c a u s e d ,  i n  o u r  

o p i n i o n ,  by  a n  a c c u m u l a t i o n  o f  g l y c o l y t i c  p r o d u c t s  i n  t h e  s m a l l  i n  

t e s t i n e  as a r e s u l t  o f  d i s o r d e r s  i n  t h e  b l o o d  c i r c u l a t i o n .  


I n  c o n t r a s t  t o  t h e  r e s p i r a t i o n a l  enzymes  a n d  g l y c o l y s i s ,  
t h e  a c t i v i t y  o f  t h e  a l k a l i n e  p h o s p h a t a s e  s h a r p l y  i ' n c r e a s e d  a f t e r  
t h e  a c c e l e r a t i o n ,  p a r t i c u l a r l y  d u r i n g  i r r a d i a t i o n ,  a n d  i t  e v e n  
g r e a t l y  e x c e e d e d  t h e  norm f o r  3 w e e k s .  

T A B L E  1. T I S S U E  RESPIRATION ( 0 2  A B S O R P T I O N ,  m 1 / 2  HOURS I N  1 0 0  mg OF 
A T I S S U L A R  ELECTUARY) A N D  A C T I V I T Y  OF THE SUCCINIC A N D  GLYCEROPHOS-
P H A T I C  DEHYDROGENASES, A L K A L I N E  PHOSPHATASE, A N D  P E P S I N  I N  THE SMALL 
INTESTINE A N D  THE STOMACH, F O R  M I C E  OF THE S V A  S T R A I N ,  AFTER THE 
E F F E C T  OF O N E  A C C E L E R A T I O N  A N D  1 0  D A Y S  A F T E R  y - I R R A D I A T I O N  

1 i .sntit h e  E f f e c t l o f  an A c c e l e r a t i o n  

T i s s u e  R e s p i r a t i o n  
0 3  29.3 20.2 30.0 - 27.4 36.8 45.2 - 45.5I COz/Oa I 1.0 1 0.5 I 0.5 I - I 1.0 I 0,s I 0.5 I - I 1.18 

A c t i v i t y  o f  t h e D e h y d r o g e n a s e  

S m a l l  
I n t e s  

t i n e  2720 3560 2090 1140 1780 7830 0 0 7360 

4190 220 0 3620 2970 975 0 4770 5990 


G l y c e r o p h o i 
p h a t i c  Dehy
drogenase .  
a r b i t r a i y  u n i t s  4190 3820 2950 3620 2390 8570 310 650 3140 

D i g e s t i v e ,  Enzymes  

Stomach A l k a l i n e  

~ ! ~ ~ % ~ ~ s ~ A i t s1330 - 2018 2328 1733 1200 4067 3273 2229' 
P e p s i n .
a r b i t i l l y  u n i t - 145 22,14 95,8 153,3 138.3 113 88,Q 212.3 123 
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TABLE 2 .  TISSUE RESPIRATION (ABSORPTION OF 0 2 ,  m1/2 HOURS I N  1 0 0  mg / 3 4 1  

OF A TISSULAR ELECTUARY) OF THE C E R E B R U M ,  H E A R T ,  A N D  HIP MUSCLES, 

FOR M I C E  OF THE SVA S T R A I N .  


N a t u r e  o f  ‘ i m e i A f  t e r  
:e r e  b r u r  H e a r t  ] H i p  M u s c l e s-

t h e  E f f e c t  E f f e c t  0, COJO. 

B i o l o g i c a l  
C o n t r o l  82.0 0.85 29,2 >1,0 9.3 

A c c e l e r a t i o n  3 h r s  76.1 0,94 29.1 1.86 4-4 
( F i r s t G r o u p )  1 day  77.6 0,77 22,2 11.70 20,2 

7 d a y s  50,O 1.28 20,4 - i1.8 
2 1  d a y s  13,5 1,o 15.0 0.5 14.4 

y - I r r a d i a t i o n 1  6 h r s  59.2 0,6 17.0 1.30 14.8
A c c e l e r a t  tor:  2 d a y s  74.8 0,8 -

( S e c o n d  G r o u p )  8 d a y s  4 - 
2 2  d a y s  82.8 1.0 23,5 1.57 23,6 

The p e p s i n  c o n t e n t  ( T a b l e  1) i n  t h e  w a l l s  o f  t h e  s t o m a c h  
c h a n g e d  i n  tLe same way f o r  b o t h  g r o u p s  o f  mice .  The f i r s t  i n c r e a s e  
i n  t h e  a c t i v i t y  o f  t h e  p e p s i n ,  3 h o u r s  a f t e r  t h e  a c c e l e r a t i o n ,  w a s  
n o t e d  i n  t h e  mice  o f  t h e  f i r s t  g r o u p .  T h i s  i n c r e a s e  was f o u n d  t o  
b e  t h e  mos t  s i g n i f i c a n t .  A f t e r  two  d a y s ,  t h e  a c t i v i t y  o f  t h e  p e p s i n  
i n  moth  g r o u p s  o f  m i c e  w a s  30% l o w e r  t h a n  t h e  no rm,  b u t  i t  i n c r e a s e d  
s i g n i f i c a n t l y  a r o u n d  t h e  e i g h t t h  d a y ,  p a r t i c u l a r l y  a f t e r  a c c e l e r a 
t i o n  w i t h  i r r a d i a t i o n .  T h r e e  weeks  a f t e r  t h e  e f f e c t ,  t h e  p e p s i n  
c o n t e n t  i n  t h e  w a l l s  o f  t h e  s t o m a c h  f o r  t h e  mice  o f  t h e  f i r s t  
g r o u p  p r a c t i c a l l y  r e a c h e d  t h e  no rm;  f o r  t h e  mice  i n  t h e  s e c o n d  
g r o u p ,  i t  w a s  somewha t  l e s s .  

The a b s o r p t i o n  o f  o x y g e n  b y  t h e  t i s s u e  o f  t h e  c e r e b r u m  w a s  
c l o s e  t o  t h e  norm f o r  t h e  f i r s t  t w o  d a y s  a f t e r  t h e  a c c e l e r a t i o n ,  
f o r  t h e  w h i t e  mice  a n d  t h e  mice o f  t h e  SVA s t r a i n  ( T a b l e s  2 a n d  
3 ) .  A s i g n i f i c a n t  d i s o r d e r  o f  t h e  t i s s u e  r e s p i r a t i o n  i n  t h e  ce re 
brum w a s  o b s e r v e d  f o r  t h e  S V A  m i c e  o f  t h e  s e c o n d  g r o u p  ( w i t h  
i r r a d i a t i o n )  a f t e r  6 h o u r s ;  t h e  o x y g e n  a b s o r p t i o n  a n d  r e s p i r a t i o n a l  
c o e f f i c i e n t  were  s i m u l t a n e o u s l y  d e c r e a s e d ,  w i t h  a c o m p l e t e  s u p p r e s 
s i o n  o f  t h e  s u c c i n i c  d e h y d r o g e n a s e .  T h r e e  weeks  a f t e r  t h e  a c c e l e r a 
t i o n ,  t h e  a b s o r p t i o n  of  o x y g e n  by  t h e  b r a i n  ( a n d  t h e  r e s p i r a t i o n a l  
c o e f f i c i e n t )  were  w i t h i n  t h e  l i m i t s  o f  t h e  norm,  b u t  t h e  a c t i v i t y  
o f  t h e  s u c c i n i c  d e h y d r o g e n a s e  r e a c h e d  o n l y  5 0 %  ( T a b l e  4 ) .  The 
a n a e r o b i c  g l y c o l y s i s  i n  t h e  c e r e b r u m  ( e x p e r i m e n t s  o n  w h i t e  m i c e ,  
T a b l e  3 )  w a s  g r e a t l y  i n t e n s i f i e d  i m m e d i a t e l y  a f t e r  t h e  e f f e c t ,  a n d  
t h e n  d e c r e a s e d  s h a r p l y  t o  a p o i n t  l o w e r  t h a n  t h e  norm ( T a b l e  3 ) .  
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B i o l o g i c a l  I 
C o n t r o l  55.8 1,00 186 25,s 1.10 24 12.6 1.07 342 
30min 59,4 0,88 288 13.5 2.20 118 15.6 3.0 200 
2 4 h r s  
4 8 h r s  

57.7 
61.0 

0,70 
1.35 

127 
160 

17,O 
26.8 

1.60 
3.6 

142 
-

18.0 
6.0 

1.3 
2.0 

60 
-

5 d a y s  30,s 1,35 32 13.7 2,0 144 7.0 3.0 256 

*' A v e r a g e  d a t a  for 1 0  a n i m a l s  
:.**...*.A b s o r p t i o n  o f  0 2  a n d  f o r m a t i o n  o f  l a c t i c  a c i d  i n  1 0 0  mg o f  a 
t i s s u l a r  e l e c t u a r y ,  for 2 h o u r s  o f  i n c u b a t i o n .  

T A B  LE 4 .  A C T I V I T Y  ( I N  A R B I T R A R Y  UNITS) O F  THE SUCCINIC A N D  a- / 3 4 2  
G LY CEROPHASPHATIC DEHYDROGENASES OF THE CEREBRUM A N D  H I P  MUSCLES 

FOR THE M I C E  OF T H E  SVA STRAIN 

t h e  E f f e c t  

B i o l o g i c a l  
C o n t r o l  

A c c e l e r a t i o n  
( F i r s ?  G r o u p )  

y - I  r r a d i a t i  on+  
A c c e l e r a t i o n  

( S e c o n d  G r o u p )  

2900 19940 4510 0 4250 340 

3 h r s  - - - 0 320 
l d a y  
7 d a y s

2 l d a y s  

0 0 240 
0 1775 180 
0 11 530 1250 

0 
200 
4950 

470 
240 
1360 

6 h r s  920 0 2110 150 1030 
2 d a y s  d - - 0 120 
8 d a y s  720 5860 1930 1730 260 

2 2 d a y s  0 10820 670 5200 890 

w i t h o u t  a d d i n g  a s u b s t r a t e  o f  s u c c i n a t e  o r  a - g l y c e r o p h o s p h a t e .  
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A t  t h e  same t i m e ,  t h e  a c t i v i t y  o f  t h e  g l y c e r o p h o s p h a t i c  d e h y d r o g e n a s e  
a l s o  d e c r e a s e d  a l m o s t  t o  z e r o  i n  t h e  b r a i n  o f  t h e  SVA mice  i n  t h e  
f i r s t  g r o u p  ( T a b l e  4 ) ;  i t  t h e n  a m o u n t e d  o n l y  2 5 %  o f  t h e  c o n t r o l  
v a l u e  f o r  t h e  f o l l o w i n g  3 w e e k s .  For t h e  m i c e  o f  t h e  s e c o n d  g r o u p  
( w i t h  i r r a d i a t i o n ) ,  t h e  a c t i v i t y  o f  t h e  g l y c e r o p h o s p h a t i c  d e h y d r o 
g e n a s e  i n  t h e  c e r e b r u m  g r a d u a l l y  d e c r e a s e d ,  a n d  a m o u n t e d  t o  1 0 %  o f  
t h e  a c t i v i t y  f o r  t h e  enzyme i n  t h e  c o n t r o l s  f o r  t h e  f o l l o w i n g  3 w e e k s .  
The d e c r e a s e  i n  t h e  a b s o r p t i o n  o f  oxygen  b y  t h e  m y o c a r d i u m  i n  t h e  
SVA m i c e  o f  t h e  f i r s t  g r o u p  b e g a n  o n e  d a y  a f t e r  t h e  a c c e l e r a t i o n ,  / 3 4 3  
a n d  g r a d u a l l y  r e a c h e d  o n e  h a l f  o f  t h e  norm d u r i n g  t h e  f o l l o w i n g  t h r e e  
w e e k s .  However ,  t h e  h i g h  r e s p i r a t i o n a l  c o e f f i c i e n t  d u r i n g  t h e  f i r s t  
h o u r s  a f t e r  r o t a t i o n  shows t h a t  t h e  t i s s u e  r e s p i r a t i o n  d u r i n g  t h i s  
t i m e  w a s  d i s t u r b e d .  Wi th  i r r a d i a t i o n ,  t h e  o x y g e n  a b s o r p t i o n  d e 
c r e a s e d  a l m o s t  b y  h a l f  w i t h i n  6 h o u r s  a f t e r  t h e  a c c e l e r a t i o n .  

I n  a n  e x p e r i m e n t  on w h i t e  mice w h i c h  were s u b j e c t e d  t o  more 
p r o l o n g e d  e f f e c t s  o f  a c c e l e r a t i o n  ( T a b l e  3 1 ,  t h e  o x y g e n  a b s o r p t i o n  
o f  t h e  myocard ium w a s  d e c r e a s e d  a l m o s t  by h a l f  i m m e d i a t e l y  a f t e r  
t h e  e f f e c t ;  w i t h i n  t w o  d a y s  i t  r e a c h e d  t h e  norm,  b u t  a g a i n  d e c r e a s e d  
b y  5 0 %  a r o u n d  t h e  f i f t h  d a y .  The r e s p i r a t i o n a l  c o e f f i c i e n t  d u r i n g  
t h e s e  o b s e r v a t i o i i  p e r i o d s  e x c e e d e d  t h e  c o n t r o l  by a f a c t o r  o f  more 
t h a n  2 .  

The o x y g e n  a b s o r p t i - 7  f o r  t h e  h i p  m u s c l e s  o f  t h e  SVA mice i n  
t h e  f i r s t  g r o u p  w a s  s h a r p l y  s u p p r e s s e d  3 h o u r s  a f t e r  a c c e l e r a t i o n  
( T a b l e  2 1 ,  t h e n  e x c e e d e d  t h e  norm b y  a f a c t o r  o f  a l m o s t  2 on t h e  
f i r s t  day f o l l o w i n g ,  a n d  w a s  somewhat  h i g h , e r  t h a n  t h e  norm b y  t h e  
e n d  o f  t h e  e x p e r i m e n t .  E x c e p t  for t h e  f i r s t  d a y s  a f t e r  t h e  a c c e l e r a 
t i o n  , when t h e  r e s p i r a t i o n a l  c o e f f i c i e n t  d e c r e a s e d  by 25% a g a i n s t  
t h e  b a c k g r o u n d ,  i t  g r e a t l y  e x c e e d e d  t h e  b a c k g r o u n d  d u r i n g  t h e  r e 
m a i n i n g  o b s e r v a t i o n  p e r i o d s .  Inasmuch as t h e  s u c c i n i c  d e h y d r o g e n a s e  
( T a b l e  4 )  w a s  c o m p l e t e l y  s u p p r e s s e d  d u r i n g  t h e  f i r s t  week a f t e r  t h e  
a c c e l e r a t i o n ,  w e  c a n  assume t h a t  t h e  n o r m a l i z a t i z n  o f  t h e  t i s s u e  
r e s p i r a t i o n  f o r  t h e  h i p  m u s c l e s  b e g a n  l a t e r  ( w i t h i n  3 weeks  a f t e r  
t h e  r o t a t i o n  i n  t h e  c e n t r i f u g e ) .  D u r i n g  t h i s  t i m e ,  t h e  a c t i v i t y  o f  
t h e  s u c c i n i c  d e h y d r o g e n a s e  w a s  c o m p l e t e l y  r e s t o r e d ,  b u t  t h e  s i m u l 
t a n e o u s l y  r e c o r d e d  r e s p i r a t i o n a l  c o - f f i c i e n t  ( I . .  6 7 )  shows t h e  s t i l l  
i n c o m p l e t e  n o r m a l i z a t i o n  o f  t h e  t i s s u e '  r e s p i r a t l o n  d u r i n g  t h i s  pert
i o d .  A f t e r  a c c e l e r a t i o n  w i t h  i r r a d i a t i o n  ( s e c o n d  g r o u p ) ,  t h e  o x y g e n  
a b s o r p t i o n  o f  t h e  h i p  m u s c l e s  g r e a t l y  e x c e e d e d  t h e  n o r m ,  p a r t i c u l a r l y  
a f t e r  3 w e e k s ;  t h e  a c t i v i t y  o f  t h e  s u c c i n i c  d e h y d r o g e n a s e  w a s  a l s o  
c o m p l e t e l y  r e s t o r e d  a t  t h i s  t i m e .  The s i m u l t a n e o u s  i n t e n s i f i c a t i o n  
o f  t h e  a c t i v i t y  o f  t h e  g l y c e r o p h o s p h a t i c  d e h y d r o g e n a s e  b y  a f a c t o r  
o f  more t h a n  2 a l l o w s  u s  t o  a s s u m e  t h a t  t h e  t i s s u e  r e s p i r a t i o n  o f  
t h e  h i p  m u s c l e s  f o r  t h i s  g r o u p  o f  mice  w a s  a l s o  s t i l l  n o t  n o r m a l i z e d .  
A more s i g n i f i c a n t  i n t e n s i f i c a t i o n  o f  t h e  a c t i v i t y  f o r  t h e  g l y c e r o 
p h o s p h a t i c  d e h y d r o g e n a s e  t o  t h e  same l e v e l  w a s  a l s o  n o t e d  i n  t h e  
mice  o f .  t h e  s e c o n d  g r o u p  w i t h i n  6 h o u r s  a f t e r  t h e  a c c e l e r a t i o n ;  w i t h 
i n  t w o  d a y s  , t h e  g l y c e r o p h o s p h a t i c  d e h y d r o g e n a s e  w a s  a t  i t s  l o w e s t  
l e v e l  ( - 33% o f  t h e  n o r m ) ;  a r o u n d  t h e  e i g h t t h  d a y ,  i t  i n c r e a s e d  
by a f a c t o r  o f  2 ,  b u t  s t i l l  d i d  n o t  r e a c h  t h e  norm.  
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I n  t h e  e x p e r i m e n t  on t h e  w h i t e  m i c e ,  t h e  o x y g e n  a b s o r p t i o n  f o r  
t h e  h i p  m u s c l e s  e x c e e d e d  t h e  c o n t r o l  l e v e l  by  30% d u r i n g  t h e  f i r s t  
d a y s  a f t e r  t h e  a c c e l e r a t i o n ,  a n d  d e c r e a s e d  by  a f a c t o 1  o f  a l m o s t  2 
d u r i n g  t h e  f o l l o w i n g  5 d a y s .  The r e s p i r a t i o n a l  c o e f f i c i e n t  w a s  e v e n  
h i g h e r  t h a n  i n  t h e  e x p e r i m e n t  on t h e  SVA m i c e .  The  g l y c o l y s i s ,  as 
i n  t h e  e x p e r i m e n t  w i t h  t h e  SVA m i c e ,  w a s  m o s t  s t r o n g l y  s u p p r e s s e d  
( w i t h  i r r a d i a t i o n )  w i t h i n  2 d a y s  a f t e r  t h e  a c c e l e r a t i o n .  I t  w a s  
s t i l l  n o t  r e s t o r e d  5 d a y s  f o l l o w i n g  t h e  e f f e c t .  

The a b o v e - m e n t i o n e d  e x p e r i m e n t a l  d a t a  i n d i c a t e  t h a t  t h e  d i s 
o r d e r s  i n  t h e  c a r b o h y d r a t e  e x c h a n g e  o b s e r v e d  i n  a n  o r g a n i s m  w h i c h  
i s  s u b j e c t e d  t o  a c c e l e r a t i o n  . a r e  c a u s e d  p r i m a r i l y  by  s t a g n a t i o n  / 3 4 4  
phenomena  w h i c h  l e a d  t o  a n  a c c u m u l a t i o n  o f  i n c o m p l e t e l y - o x i d i z e d  
m e t a b o l i t e s  i n  t h e  t i s s u e s ,  p a r t i c u l a r l y  i n  t h e  i n t e s t i n e  a n d  i n  
t h e  h i p  m u s c l e s .  O b v i o u s l y ,  t h i s  a l s o  w a s  t h e  c a u s e  f o r  t h e  i n t e n s 
i f i c a t i o n  o f  t h e  o x y g e n  a b s o r p t i o n  d u r i n g  t h e  f i r s t  h o u r s  a n d  d a y s  
a f t e r  t h e  r o t a t i o n  i n  t h e  c e n t r i f u g e .  T h e r e  w a s  a d e f i n i t e  r e g u 
l a r i t y  i n  t h e  c h a n g e  o f  t h e  r e s p i r a t i o n a l  c o e f f i c i e n t .  One d a y  
a f t e r  t h e  a c c e l e r a t i o n ,  i t  w a s  much l o w e r  t h a n  d u r i n g  t h e  f i r s t  
h o u r s  a n d  t h e  p e r i o d s  f o l l o w i n g  t h e  e f f e c t .  D u r i n g  t h i s  p e r i o d ,  
t h e r e  w a s  a l s o  a c o m p l e t e  s u p p r e s s i o n  o f  t h e  a c t i v i t y  o f  t h e  s u c c i n i c  
d e h y d r o g e n a s e .  B e g i n n i n g  w i t h  t h e  s e v e n t h  d a y ,  t h e  a c t i v i t y  o f  t h e  
s u c c i n i c  d e h y d r o g e n a s e  b e g a n  t o  i n c ' r e a s e ,  a n d  r e a c h e d  t h e  norm i n  
t h e  i n t e s t i n e  a n d  t h e  h i p  m u s c l e s  a f t e r  3 w e e k s ,  w h i l e  i t  r e a c h e d  
o n l y  h a l f  o f  t h e  norm i n  t h e  c e r e b r u m .  O b v i o u s l y ,  c o m p l e t e  n o r m a l 
i z a t i o n  o f  t h e  t i s s u e  r e s p i r a t i o n  d i d  n o t  o c c u r  a t  t h i s  t i m e .  An
o t h e r  i n d i c a t i o n  o f  t h e  i n c o m p l e t e  r e c o v e r y  o f  t h e  t i s s u e  r e s p i r a 
t i o n  a f t e r  3 weeks  i s  t h e  f a c t  t h a t  t h e  g l y c o l y s i s  ( a c t i v i t y  o f  t h e  
g l y c e r o p h o s p h a t i c  d e h y d r o g e n a s e )  i n  t h e  h i p  m u s c l e s  o f  t h e  S V A  mice 
s i m u l t a n e o u s l y  i n c r e a s e d  b y  s e v e r a l  t i m e s  a g a i n s t  t h e  norm.  The 
s h a r p  i n t e n s i f i c a t i o n  of t h e  g l y c o l y s i s  d u r i n g  t h e  i n s u f f i c i e n c y  
i n  t h e  t i s s u e  r e s p i r a t i o n  m u s t  b e  e x a m i n e d  as c o m p e n s a t o r y .  T h i s  
p r o v i d e s  f o r  d r a w i n g  t h e  c o n c l u s i o n  t h a t  t h e  r e g u l a t o r y  f u n c t i o n s  
o f  t h e  c e n t r a l  n e r v o u s  s y s t e m ,  w h i c h  a f f e c t s  t h e  c a r d i a c  a c t i v i t y  
a n d  t h e  s k e l e t a l  m u s c l e ,  were  r e s t o r e d  v e r y  r a p i d l y ,  i f  t h e y  were  
d i s t u r b e d  a t  a l l .  

O f  p a r t i c u l a r  n o t e  i s  t h e  l a c k  o f  s i g n i f i c a n t  c h a n g e  i n  t h e  
t i s s u e  r e s p i r a t i o n  o f  t h e  c e r e b r u m  d u r i n g  t h e  f i r s t  h o u r s  a f t e r  
a c c e l e r a t i o n ,  a n d  t h e  s i m u l t a n e o u s  s h a r p  i n t e n s i f i c a t i o n  o f  g l y c o l 
y s i s  i n  t h e  b r a i n .  The d a t a  i n  t h e  l i t e r a t u r e  i n d i c a t e  t h a t  t h e r e  
i s  p r o t e c t i v e  i n h i b i t i o n  i n  t h e  c e r e b r u m  d u r i n g  t h i s  p e r i o d  [ 3 1 .  
The l a t t e r  i s  t h e  p e r i o d  o f  a c t i v e  r e c o v e r y  o f  t h e  e n e r g y  r e s o u r c e s  
f o r  t h e  b r a i n ,  a n d  t h i s  i n c r e a s e s  i t s  r e s i s t a n c e  t o  o x y g e n  d e f i c i 
e n c y  [ 2 ] ,  o b v i o u s l y  as a r e s u l t  o f  t h e  i n t e n s i f i c a t i o n  o f  g l y c o l s i s  
The f a c t  t h a t  w i t h i n  3 weeks  a f t e r  t h e  a c c e l e r a t i o n ,  t h e  t i s s u e  
r e s p i r a t i o n  i n  t h e  c e r e b r u m  ( d e t e r m i n e d  by t h e  a c t i v i t y  o f  t h e  
s u c c i n i c  d e h y d r o g e n a s e )  i s  n o t  c o m p l e t e l y  r e s t o r e d ,  w h i l e  t h e  
a c t i v i t y  o f  t h e  g l y c e r o p h o s p h a t i c  d e h y d r o g e n a s e  ( g l y c o l y s i s  1 is 
s h a r p l y  s u p p r e s s e d  ( p a r t i c u l a r l y  w i t h  i r r a d i a t i o n )  a l l o w s  u s  t o  
a s sume  t h a t  t h e  c a r b o h y d r a t e  e x c h a n g e s  d u r i n g  t h i s  p e r i o d  a r e  dls
t u r b e d ,  a n d  t h e  s y n t h e s i s  o f  t h e  l i p i d s  i s  i n t e n s i f i e d  as a r e s u l t  
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o f  a n  a c c u m u l a t i o n  o f  g l y c e r i n - - a  phenomenon w h i c h  i s  a l s o  o b s e r v e d  
a f t e r  t h e  e f f e c t  o f  i o n i z i n g  r a d i a t i o n  on a n  o r g a n i s m  C9, 1 3 , 1 4 1 .  
The s i m u l t a n e o u s  s u p p r e s s i o n  o f  t h e  r e s p i r a t i o n  a n d  t h e  g l y c o l y s i s  
( a c t i v i t y  o f  t h e  a - g l y c e r o p h o s p h a t i c  d e h y d r o g e n a s e )  w a s  o b s e r v e d  
p a r t i c u l a r l y  d u r i n g  t h e  f i r s t  week a f t e r  t h e  r o t a t i o n .  

A l l  t h i s  t a k e n  t o g e t h e r  i n d i c a t e s  t h a t  t h e r e  a r e  s i g n i f i c a n t  , 
s l o w l y  a b a t i n g  , d i s o r d e r s  i n  t h e  c a r b o h y d r a t e  m e t a b o l i s m  o f  a n  
o r g a n i s m  a n d  i n  t h e  a c t i v i t y  o f  c e r t a i n  e n z y m e s  o f  t h e  g a s t r o i n t e s 
t i n a l  t r a c t  w h i c h  a r e  p r o d u c e d  b y  t h e  e f f e c t  o f  a c c e l e r a t i o n .  
O b v i o u s l y ,  t h e s e  c h a n g e s  a r e  c a u s e d  ( t o  a g r e a t  d e g r e e )  b y  a d i s 
o r d e r  i n  t h e  r e g u l a t o r y  f u n c t i o n  o f  t h e  c e r e b r u m :  f i r s t  as a r e s u l t  
o f  t h e  p r e s e n c e  o f  p r o t e c t i v e  i n h i b i t i o n ,  a n d  s e c o n d l y  b e c a u s e  o f  / 3 4 5  
s u p p r e s s i o n  o f  o x i d a t i o n  p r o c e s s e s .  The h i g h l y  s i g n i f i c a n t  i n c r e a s e  
i n  t h e  a c t i v i t y  o f  t h e  a l k a l i n e  p h o s p h a t a s e  i n  t h e  s m a l l  i n t e s t i n e  
( a n d  p e p s i n  i n  t h e  s t o m a c h )  w i t h  i r r a d i a t i o n  i s  p o s s i b l y  c a u s e d  by 
a " s u p e r p o s i t i o n "  o f  o n e  e f f e c t  on t h e  o t h e r ,  l e a d i n g  t o  a n  e v e n  
more  s i g n i f i c a n t  d i s t u r b a n c e  o f  t h e  r e g u l a t o r y  f u n c t i o n  o f  t h e  
c e r e b r u m .  The e f f e c t  o f  t h e  l a t t e r  on t h e  s e c r e t o r y  f u n c t i o n  o f  
t h e  s t o m a c h  i s  a l s o  i n d i c a t e d  b y  t h e  i n c r e a s e  i n  t h e  e x c r e t i o n  o f  
p e p s i n  d u r i n g  t h e  f i r s t  h o u r s  a f t e r  r o t a t i o n ,  when t h e  c e r e b r a l  
c o r t e x  i s  i n  a s t a t e  o f  p r o t e c t i v e  i n h i b i t i o n .  The e x c r e t i o n  o f  
p e p s i n  on t h e  f i r s t  day  a f t e r  a c c e l e r a t i o n  w a s  i n c r e a s e d  by a f a c t o r  
o f  a l m o s t  2 ,  w h i c h  w a s  o b v i o u s l y  c a u s e d  by i t s  p r e c e d i n g  i n t e n s i f i e d  
s e c r e t i o n .  J u d g i n g  b y  t h e  s u p p r e s s i o n  o f  t h e  t i s s u e  r e s p i r a t i o n  i n  
t h e  c e r e b r u m ,  w e  a l s o  n o t e d  a s i m u l t a n e o u s  d i s t u r b a n c e  i n  t h e  s e c r e 
t i o n  o f  p e p s i n  a n d  a l k a l i n e  p h o s p h a t a s e .  
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HEMATOLOGICAL AND PATHOMORPHOLOGICAL CHANGES IN ANIMALS 
UNDER THE CONDITIONS OF AN EXPERIMENT WHICH MODELS THE 
EFFECT OF IONIZING RADIATION AND FLIGHT FACTORS ON 

AN ORGANISM 
N . A .  G a y d a m a k i n ,  N . N .  Dobrov, N . I .  Y e z e p c h u k ,  V . A .  K o z l o v  

a n d  S.G. Kul'kin 

ABSTRACT: A r e p e a t e d  preZ iminary  i r r a d i a t i o n  
of g u i n e a  p i g s  up t o  t o t a Z  d o s e s  of 50 and 7 5  
r ,  w i t h  a foZZowing e f f e c t  f r a c t i o n a t e d  by 3 r ,  
Zeads t o  changes i n  t h e  c o m p o s i t i o n  of t h e  p e r 
i p h e r a  Z b Zood. 

The a d r e n o c o r t i c o t r o p i c  hormone ( A C T H )  
c a u s e s  d i s o r d e r s  i n  t h e  bZood s y s t e m  which  a r e  
e x p r e s s e d  i n  an i n t e n s i f i c a t i o n  of t h e  changes
(and d i s t o r t i o n .  of t h e  r e a c t i o n )  on t h e  p a r t  
of t h e  Zeukocy te s ,  n e u t r o p h i  Zs, Zymphocytes ,
and e o s i n o p h i Z s  i n  t h e i r  r e s p o n s e  t o  r a d i a t i o n .  

W i t h i n  2 . 5  months a f t e r  t h e  t e r m i n a t i o n  
o f  t h e  r a d i a t i o , , ,  f o r  a t o t a Z  dose  of 9 0  r ,  t h e  
foZZowing a r e  o b s e r v e d :  a d e c r e a s e  of t h e  foZ-
ZicZes  i n  t h e  spZeen ,  a d e c r e a s e  i n  t h e  q u a n t i t y
of ce Z Zu Zar e Zements and i ron -c .on ta in ing  p i g 
ment i n  t h e  p u l p ,  a t h i c k e n i n g  of t h e  waZZs of 
t h e  c e n t r a 2  a r t e r i e s  f o r  t h e  f o Z Z i c Z e s  of t h e  
spZeen ,  and hemorrhages i n  t h e  mucus of t h e  
s tomach and t h e  t i s s u e  of t h e  Zung.

D e g e n e r a t i v e - d y s t r o p h i c  changes a r e  found  
i n  t h e  intramuraZ appara tus  of t h e  u r i n a r y
bZadder of t h e  i r r a d i a t e d  animaZs. 

I n  appZying A C T H ,  t h e  changes a r e  more 
weakZy pronounced d u r i n g  t h e  r e c o v e r y  p e r i o d .  

I t  i s  w e l l  known t h a t  t h e  e f f e c t  o f  f l i g h t  c o n d i t i o n s  c a u s e s  / 3 4 6  
s i g n i f i c a n t  c h a n g e s  i n  t h e  c o n d i t i o n  o f  v a r i o u s  s y s t e m s  i n  a n  or
g a n i s m .  T h u s ,  t h e  i o n i z i n g  r a d i a t i o n  d u r i n g  a s p a c e  f l i g h t  e x e r t s  
i t s  e f f e c t  on  a n  o r g a n i s m  u n d e r  t h e  c o n d i t i o n s  o f  a n  a l t e r e d  f u n c 
t ' i o n a l  s t a t e .  

The  c h a n g e s  i n  t h e  c h a r a c t e r i s t i c s  o f  t h e  p e r i p h e r a l  b l o o d ,  
w h i c h  o c c u r  u n d e r  t h e  i n f l u e n c e  o f  a c o m b i n a t i o n  o f  f l i g h t  f a c t o r s ,  
c o i n c i d e  w i t h  t h o s e  w h i c h  o c c u r  d u r i n g  s t r e s s  r e a c t i o n s  a n d  a r e  
c h a r a c t e r i z e d  by t h e  d e v e l o p m e n t  o f  n e u t r o p h i l i c  l e u k c y t o s i s ,  r e l a 
t i v e  l y m p h o p e n i a ,  e o s i n o p e n i a ,  a n d  a d e c r e a s e  i n  t h e  number  o f  
t h r o m b o c y t e s .  A s  a r u l e ,  t h e s e  c h a n g e s  d i s a p p e a r  w i t h i n  o n e  d a y  
a f t e r  t h e  e n d  o f  t h e  f l i g h t .  

3 7 7  



The c h a n g e s  on t h e  p a r t  o f  t h e  c h a r a c t e r i s t i c s  o f  t h e  b l o o d  r e 
f l e c t  t h e  a d a p t a t i v e  a n d  s t r e s s  r e a c t i o n s  o f  a n  o r g a n i s m ,  i n  t h e  
r e a l i z a t i o n  o f  w h i c h  t h e  n e u r o - e n d o c r i n e  s y s t e m  p a r t i c i p a t e s  ac
t i v e  l y  [3 ,4 ,6 ,8 1. 

The c h a n g e s  i n  t h e  n u m b e r s  o f  e o s i n o p h i l s  a n d  l e u k o c y t e s  o c c u r 
r i n g  u n d e r  t h e  i n f l u e n c e  o f  f l i g h t  c o n d i t i o n s  c a n  b e  l a r g e l y  r e 
p r o d u c e d  by  a d m i n i s t e r i n g  a n  a d r e n o c o r t i c o t r o p i c  ho rmone  (ACTH), 
w h i c h  p a r t i c i p a t e s  i n  s t r e s s  r e a c t i o n s .  I n  r e l a t i o n  t o  t h i s ,  t h e  
f u n c t i o n a l  s t r e s s  on  t h e  b l o o d  s y s t e m  w a s  r e p r o d u c e d  i n  o u r  e x p e r i 
m e n t s  by a d m i n i s t e r i n g  t h i s  hormone  i n  a q u a n t i t y  o f  0 . 2  m l  a p p r o x i 
m a t e l y  3 h o u r s  b e f o r e  i r r a d i a t i o n ;  i n  t h i s  way ,  t h e  r e s p o n s i v e  r e 
a c t i o n  o f  t h e  b l o o d  s y s t e m  t o  t h e  e f f e c t  o f  f l i g h t  c o n d i t i o n s ,  a n d  
t o  t h e  c h a n g e  i n  i t s  f u n c t i o n a l  s t a t e ,  w a s  m o d e l e d .  

A s  f o r  t h e  e f f e c t  o f  i o n i z i n g  r a d i a t i o n ,  we s e l e c t e d  t h e  f o l 
l o w i n g  v a r i a t i o n  o f  t h e i r  r e p e a t e d  e f f e c t :  28 d a y s  a f t e r  i r r a d i a 
t i o n  r e p e a t e d  t w i c e  or t h r e e  t i m e s  a t  i n t e r v a l s  o f  1 5  d a y s  ( w i t h i n  
t h e  l i m i t s  o f  a n  a c c e p t a b l e  d o s e  = 2 5  r ) ,  t h e  a n i m a l s  a r e  s u b j e c t e d  
t o  t h e  r e p e a t e d  e f f e c t s  o f  r a d i a t i o n  i n  d o s e s  o f  3 r ,  a t  i n t e r v a l s  
o f  1 4 - 3 5  d a y s  ( s e e  T a b l e ) .  

The e x p e r i m e n t s  w e r e  c o n d u c t e d  on 2 5  g u i n e a  p i g s  o f  b o t h  s e x e s .  
The a n i m a l s  w e r e  d i v i d e d  i n t o  t h e  g r o u p s  shown i n  t h e  T a b l e .  

The h e m a t o l o g i c a l  e x a m i n a t i o n  o f  t h e  a n i m a l s  w a s  c o n d u c t e d  on 
t h e  e v e n i n g  b e f o r e  t h e  i r r a d i a t i o n  a n d  t h e  a d m i n i s t r a t i o n  o f  t h e  
A C T H ,  a s  w e l l  a s  3 h o u r s  a n d  o n e  d a y  a f t e r  t h e  e f f e c t .  The a b s o 
l u t e  q u a n t i t y  o f  e o s i n o p h i l s  w a s  d e t e r m i n e d  by  t h e  me thod  o f  Bach
man, u s i n g  Hinke lman  s o l u t i o n .  The r e m a i n i n g  c h a r a c t e r i s t i c s  o f  
t h e  b l o o d  w e r e  e x a m i n e d  a c c o r d i n g  t o  t h e  g e n e r a l l y - a c c e p t e d  m e t h o d .  
W i t h i n  1 . 5  m o n t h s  a f t e r  t h e  e n d  o f  t h e  i r r a d i a t i o n ,  t h e  a n i m a l s  
w e r e  k i l l e d  a n d  s u b j e c t e d  t o  p a t h o m o r p h o l o g i c a l  a n d  h i s t o l o g i c a l  
s t u d i e s .  S m a l l  p i e c e s  o f  t h e  s p l e e n ,  l u n g ,  l i v e r ,  w a l l  o f  t h e  
s t o m a c h ,  a n d  b o n e  marrow f r o m  t h e  h i p  and  s t e r n u m  w e r e  p u t  i n  Maks
i m o v ' s  f l u i d ,  f i x e d  i n  c e l l o i d i n ,  a n d  s t a i n e d  w i t h  h e m o t o x y l i n 
e o s i n .  The h i p s  a n d  t h e  s t e r n u m  w e r e  d e c a l c i n a t e d  i n  a 1 0 %  s o l u t i o n  

/ 3 4 7  

o f  n i t r i c  a c i d  w i t h  5 %  f o r m a l i n .  When 
t h e  i r o n  i n  s e c t i o n s  o f  t h e  s p l e e n  a n d  
m e t h o d .  The u r i n a r y  b l a d d e r  w a s  f i x e d  
( p a r t l y  i n  a l c o h o l )  a n d  t r e a t e d  by  t h e  
t h e  Campos m e t h o d ,  a n d  o r i g i n a l  m e t h o d s  

n e c e s s a r y ,  we d e t e r m i n e d  
t h e  l u n g s  by t h e  P e a r l y  
i n  1 0 %  n e u t r a l  f o r m a l i n  
B i e l s c h o w s k y - G r o s  m e t h o d ,  

u s e d  i n  t h e  D e p a r t m e n t  o f  
H i s t o l o g y  o f  t h e  V o l g o g r a d  M e d i c a l  I n s t i t u t e  f o r  f i n d i n g  c h a n g e s  
i n  t h e  i n t r a m u r a l  n e r v o u s  s y s t e m .  

R E S U L T S  OF H E M A T O L O G I C A L  E X A M I N A T I O N S  

The r e a c t i o n s  on t h e  p a r t  o f  t h e  amount  o f  e r y t h r o c y t e s  w e r e  
a l m o s t  o f  t h e  same t y p e  f o r  t h e  a n i m a l s  i n  a l l  t h e  g r o u p s .  T h i s  
r e a c t i o n  w a s  c h a r a c t e r i z e d  by  a n  o s c i l l a t i o n  o f  t h i s  c h a r a c t e r i s t i c  
t h r o u g h o u t  t h e  p e r i o d  o f  r a d i a t i o n  i n  d o s e s - o f  2 5  r .  A f t e r  r a d i a 
t i o n  i n  d o s e s  o f  3 r ,  t h e  amount  o f  e r y t h r o c y t e s  d e c r e a s e d .  T h i s  
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w a s  p a r t i c u l a r l y  n o t i c e a b l e  i n  t h e  a n i m a l s  o f  t h e  s e c o n d  g r o u p ,  
w h e r e  t h e  q u a n t i t y  o f  e r y t h r o c y t e s  ( a f t e r  e a c h  r a d i a t i o n  i n  a d o s e  
o f  3 r )  d e c r e a s e d  b y  0 . 8 - 1 . 3  m i l l i o n  i n  1 m m 3  o f  b l o o d ,  i n  compar
i s o n  w i t h  t h e  l o w e r  l i m i t  f o r  t h e  o r i g i n a l  v a l u e s .  The a n i m a l s  of  

DISTRIBUTION OF T H E  ANIMALS A C C O R D I N G  T O  GROUPS 

Number 
- .  

1 


2 

3 

4 

5 

. .  . -. . . .. - . . 

P r e l i m i n a r y  r a d i a t i o n  
i n  a d o s e  o f  75  r 

P r e l i m i n a r y  r a d i a t i o n  
i n  a d o s e  o f  75  r 

P r e l i m i n a r y  r a d i a t i o n  
i n  a d o s e  o f  50 r 

P r e l i m i n a r y  r a d i a t i o n  
i n  a d o s e  o f  5 0  r 

C o n t r o l  f o r  t h e  E f f e c t  
o f  t h e  A C T H  

Days f o r  I r r a d i a t i o n  i n  D o s e s  o f  3 r ,  
a n d  f o r  A d m i n i s t e r i n g  A C T H  

. -..- - __ _ _ _  

1 - 3 5 - 5 0 - 7 2 - 8 8 t h  d a y s ;  A C T H  w a s  n o t  
a d m i n i s t e r e d  

1 - 3 5 - 5 0 - 7 2 - 8 8 t h  d a y s ;  A C T H  w a s  admin
i s t e r e d  071  t h e  d a y s  o f  i r r a d i a t i o n  

1 - 3 5 - 5 0 - 7 2 - 8 8 t h  d a y s ;  A C T H  w a s  n o t  
a d m i n i s t e r e d  

1 - 3 5 - 5 0 - 7 2 - 8 8 t h  d a y s ;  A C T H  w a s  admin
i s t e r e d  on  t h e  d a y s  o f  t h e  i r r a d i 
a t i o n  

No i r r a d i a t i o n ;  A C T H  w a s  a d m i n i s t e r e d  
a t  t h e  same t i m e s  as f o r  t h e  e x 
p e r i m e n t a l  g r o u p s  

t h e  f i f t h  g r o u p ,  w h i c h  r e c e i v e d  o n l y  t h e  A C T H ,  r e a c t e d  t o  i t s  a d 
m i n i s t r a t i o n  b y  a s m a l l  d e c r e a s e  i n  t h e  number  o f  e r y t h r o c y t e s ;  as  
a r u l e ,  t h i s  c h a n g e  w a s  w i t h i n  t h e  l i m i t s  o f  t h e  o r i g i n a l  v a l u e s .  

T h r e e  h o u r s  a n d  o n e  d a y  a f t e r  a l l  t h e  r a d i a t i o n s  i n  d o s e s  o f  / 3 4 a  
25 r ,  t h e  number  o f  l e u k o c y t e s  i n  t h e  a n i m a l s  o f  t h e  f i r s t  g r o u p  
i n c r e a s e d  s i g n i f i c a n t l y ,  p a r t i c u l a r l y  a f t e r  t h e  f i r s t  two  e f f e c t s ,  
b u t  i t  d e c r e a s e d  b y  2 . 4  t h o u s a n d  ( i n  c o m p a r i s o n  w i t h  t h e  l o w e r  
l i m i t  f o r  t h e  o r i g i n a l  v a l u e s )  b e f o r e  t h e  t h i r d  r a d i a t i o n  a t  t h i s  
d o s e .  The f i r s t ,  t h i r d ,  a n d  f o u r t h  r a d i a t i o n s  i n  d o s e s  o f  3 r l e d  
t o  a d e c r e a s e  i n  t h e  number  o f  l e u k o c y t e s  3 h o u r s  a f t e r  t h e  e f f e c t ,  
w h i l e  t h e  f i f t h  a d m i n i s t r a t i o n  o f  A C T H  a f t e r  t h e  t e r m i n a t i o n  of 
t h e  i r r a d i a t i o n  w a s  a c c o m p a n i e d  b y  a c e r t a i n  i n c r e a s e  i n  t h e  number 
o f  l e u k o c y t e s ,  w h i c h  w a s  r e c o r d e d  on  t h e  f i r s t  d a y  a f t e r  t h e  e ? f e c t .  

For t h e  a n i m a l s  o f  t h e  t h i r d  g r o u p ,  w h i c h  were  s u b j e c t e d  t o  
p r e l i m i n a r y  r a d i a t i o n  up  t o  a t o t a l  d o s e  o f  50 r ,  t h e  c h a n g e s  i n  
t h e  number  o f  l e u k o c y t e s  were s i m i l a r  t o  t h o s e  d e s c r i b e d  f o r  t h e  
f i r s t  g r o u p ,  b u t  somewhat  l e s s  p r o n o u n c e d .  

I n  t h e  s e c o n d  g r o u p  o f  a n i m a l s ,  a f t e r  t h e  f i r s t  i r r a d i a t i o n  i n  
a d o s e  o f  25 r a n d  t h e  a d m i n i s t r a t i o n  o f  t h e  A C T H ,  t h e  number  o f  
l e u k o c y t e s  ( w h i c h  i n c r e a s e d  somewhat  a r o u n d  t h e  t h i r d  h o u r  a f t e r  
t h e  e f f e c t )  d e c r e a s e d  b y  1 . 7  t h o u s a n d  p e r  1 m m 3  o f  b l o o d ,  i n  com
p a r i s o n  w i t h  t h e  l o w e r  l i m i t  f o r  t h e  o r i g i n a l  l e v e l .  I t  t h e n  becam3 
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n o r m a l ;  d u r i n g  t h e  s e c o n d  i r r a d i a t i o n  i n  a d o s e  o f  2 5  r ,  i t  ex
c e e d e d  t h e  u p p e r  b o u n d a r y  f o r  t h e  o r i g i n a l  v a l u e s  b y  1 . 5  t h o u s a n d .  
A f t e r  t h e  s e c o n d  a d m i n i s t r a t i o i l  o f  t h e  A C T H  a n d  e x p o s u r e  t o  t h i s  
d o s e ,  t h e r e  f o l l o w e d  a b r i e f  a n d  s l i g h t  r i s e  i n  t h e  number  o f  l e u k o 
c y t e s ,  b u t  t h e i r  q u a n t i t y  f e l l  t o  1 . 4  t h o u s a n d  l e s s  t h a n  t h e  o r i g i 
n a l  w i t h i n  o n e  d a y .  The  t h i r d  c o m b i n e d  e f f e c t  o f  t h e  A C T H  a n d  ra
d i a t i o n  w a s  i m m e d i a t e l y  a c c o m p a n i e d  b y  a f u r t h e r  a n d  p r o l o n g e d  d e 
c r e a s e  i n  t h e  number  o f  l e u k o c y t e s .  B e f o r e  t h e  f i r s t  i r r a d i a t i o n  
i n  a d o s e  o f  3 r ( i . e . ,  a f t e r  28  d a y s ) ,  i t  w a s  3 t h o u s a n d  l e s s  t h a n  
t h e  l o w e r  l i m i t  f o r  t h e  o r i g i n a l  d a t a .  A f t e r  t h e  f i r s t  e x p o s u r e  t o  
a d o s e  o f  3 r a n d  a d m i n i s t r a t i o n  o f  t h e  A C T H ,  t h e  number o f  l e u k o 
c y t e s  i n  t h e  a n i m a l s  o f  t h e  t h i r d  g r o u p  i n c r e a s e d  u p  t o  t h e  o r i g i n a l  
l e v e l ,  w h e r e  i t  w a s  m a i n t a i n e d  u n t i l  t h e  t h i r d  combined  e f f e c t .  
T h i s  e f f e c t  a n d  t h o s e  f o l l o w i n g  i t  c a u s e d  a p r o n o u n c e d  l e u k o g e n i c  
r e a c t i o n ,  when t h e  number  o f  l e u k o c y t e s  r e a c h e d  a l e v e l  o f  4-5 t h o u 
s a n d  l o w e r  t h a n  t h e  o r i g i n a l .  The A C T H  w h i c h  w a s  a d m i n i s t e r e d  
w i t h o u t  i r r a d i a t i o n  on  t h e  f o u r t e e n t h  d a y  a f t e r  t h e  combined  e f f e c t  
c a u s e d  a n  i n c r e a s e  i n  t h e  number  o f  l e u k o c y t e s  a f t e r  3 h o u r s ,  b u t  
a f t e r  o n e  d a y  i t  w a s  a g a i n  5 . 2  t h o u s a n d  l e s s  t h a n  t h e  l o w e r  l i m i t  
f o r  t h e  o r i g i n a l  c o n d i t i o n .  

T h e r e f o r e ,  i n  t h e  a n i m a l s  o f  t h e  s e c o n d  g r o u p ,  t h e  f u n c t i o n a l  
s t r e s s  i n  t h e  f o r m  o f  a n  a d m i n i s t r a t i o n  o f  A C T H  l e d  t o  a more p r o 
n o u n c e d  a n d  p r o l o n g e d  l e u k o p e n i c  r e a c t i o n ,  i n  c o m p a r i s o n  w i t h  t h a t  
o b s e r v e d  f o r  t h e  g u i n e a  p i g s  o f  t h e  f i r s t  g r o u p ,  w h i c h  were  i r r a d i 
a t e d  i n  t h e  same m a n n e r ,  b u t  w h i t h o u t  p r e l i m i n a r y  a d m i n i s t r a t i o n  o f  
A C T H .  M o r e o v e r ,  a d m i n i s t r a t i o n  of t h e  A C T H  a g a i n s t  t h e  b a c k g r o u n d  
o f  i r r a d i a t i o n  i n  d o s e s  o f  3 r w a s  a c c o m p a n i e d  i n  m o s t  ca ses  n o t  
by  a r i s e  i n  t h e  number  o f  l e u k o c y t e s  i n  t h e  a n i m a l s  o f  t h e  s e c o n d  
g r o u p ,  b u t  ( o n  t h e  c o n t r a r y )  b y  a d e c r e a s e  i n  t h e i r  number .  I n  
many c a s e s ,  t h e  same r e g u l a r i t y  ( a l t h o u g h  l e s s  p r o n o u n c e d )  w a s  a l s o  
o b s e r v e d  i n  t h e  g u i n e a  p i g s  o f  t h e  f o u r t h  g r o u p .  The  o n l y  d i f f e r - / 3 4 9  
e n c e  w a s  t h a t  t h e  l e u k o p e n i c  r e a c t i o n  o f  t h e  a n i m a l s  o f  t h e  f o u r t h  
g r o u p  t o  t h e  combined  e f f e c t  a p p e a r e d  somewhat  l a t e r .  

I t  i s  i m p o r t a n t  t o  e m p h a s i z e  t h a t  t h e  a d m i n i s t r a t i o n  o f  A C T H  
w i t h o u t  i r r a d i a t i o n  w a s  n e v e r  a c c o m p a n i e d  by  a d e c r e a s e  i n  t h e  num
b e r  o f  l e u k o c y t e s .  On t h e  c o n t r a r y ,  f o r  t h e  a n i m a l s  i n  t h e  f i f t h  
g r o u p ,  t h e  q u a n t i t y  o f  l e u k o c y t e s  w a s  m a i n l y  h i g h e r  t h a n  t h e  o r i g i 
n a l ,  or a t  t h e  l e v e l .  o f  i t s  u p p e r  l i m i t .  T h i s  c i r c u m s t a n c e  shows 
t h a t ,  f o r  t h e  a n i m a l s  o f  t h e  s e c o n d  a n d  f o u r t h  g r o u p s ,  t h e r e  w a s  
n o  s u m m a t i o n  o f  t h e  l e u k o p e n i c  e f f e c t  f o r  i r r a d i a t i o n  a n d  admin
i s t r a t i o n  o f  t h e  A C T H ,  b u t  t h e r e  w a s  a f u n c t i o n a l  i n s u f f i t i e n c y  i n  
t h e  b l o o d  s y s t e m ,  w h i c h  was m o s t  p r o n o u n c e d  i n  t h e  ca se  o f  a p r e 
l i m i n a r y  f r a c t i o n a t e d  i r r a d i a t i o n  up  t o  a t o t a l  d o s e  o f  75 r ( 2 5  r .  
3 ) .  T h i s  i s  a l s o  i n d i c a t e d  by  t h e  d i s t o r t i o n  i n  t h e  l e u k o c y t i c  r e 
a c t i o n  t o  t h e  a d m i n i s t r a t i o n  o f  t h e  A C T H ,  w i t h  s u b s e q u e n t  i r r a d i a 
t i o n .  A n o t h e r  s u b s t a n t i a l  f a c t  i s  t h a t ,  u n d e r  t h e s e  c o n d i t i o n s ,  
t h e  r e p e a t e d  i r r a d i a t i o n  i n  d o s e s  o f  3 r ,  combined  w i t h  a d m i n i s 
t r a t i o n  o f  A C T H ,  w a s  a l s o  n o n - e q u i l i b i o u s ,  s i n c e  ( f o r  t h e  a n i m a l s  
o f  t h e  f o u r t h  g r o u p )  a s i g n i f i c a n t  l e u k o p e n i c  r e a c t i o n  was f o u n d  
i n  t h a t  p e r i o d  o f  t h e  r e p e a t e d  e f f e c t  o f  r a d i a t i o n  i n  d o s e s  o f  3 r .  
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The a d m i n i s t r a t i o n  o f  t h e  A C T H  t o  t h e  a n i m a l s  o f  t h e  s e c o n d  
a n d  f o u r t h  g r o u p s ,  i n  c o m b i n a t i o n  w i t h  i r r a d i a t i o n  i n  d o s e s  o f  3 I?, 
a l w a y s  l e d  t o  a l e s s  s i g n i f i c a n t  i n c r e a s e  i n  t h e  number  o f  n e u t r o 
p h i l s .  T h i s  i n d i c a t e s  t h a t  t h e  r e s p o n s i v e  n e u t r o p h i l i c  r e a c t i o n  of  
t h e  b l o o d  s y s t e m  i n  t h e  i r r a d i a t e d  a n i m a l s  t o  t h e  a d m i n i s t r a t i o n  
o f  t h e  A C T H  w a s  more  w e a k l y  p r o n o u n c e d  i n  c o m p a r i s o n  w i t h  t h a t  ob
s e r v e d  f o r  t h e  a n i m a l s  o f  t h e  f i f t h  g r o u p ,  w h i c h  o b t a i n e d  t h e  A C T H  
w i t h o u t  i r r a d i a t i o n .  I n  o t h e r  w o r d s ,  f u n c t i o n a l  i n s u f f i c i e n c y  of  
t h e  b l o o d  s y s t e m  w a s  f o u n d  i n  t h i s  case .  

The  a b s o l u t e  q u a n t i t y  o f  l y m p h o c y t e s  f o r  t h e  a n i m a l s  o f  t h e  
f i r s t  g r o u p  u n d e r w e n t  s i g n i f i c a n t  o s c i l l a t i o n s .  T h e r e  w a s  a c h a r 
a c t e r i s t i c  d e c r e a s e  i n  t h e  q u a n t i t y  o f  l u m p h o c y t e s  a f t e r  3 h o u r s  
a n d  o n e  d a y ,  f o r  e a c h  i r r a d i a t i o n  i n  d o s e s  o f  3 r ,  i n  c o m p a r i s o n  
w i t h  t h e  l e v e l  3 h o u r s  b e f o r e  t h e  i r r a d i a t i o n .  I n  t h e  i n t e r v a l s  
b e t w e e n  i r r a d i a t i o n s ,  t h e  number  o f  l y m p h o c y t e s  a g a i n  i n c r e a s e d ;  
a t  t h e  t i m e  o f  t h e  l a s t  i r r a d i a t i o n ,  i t  w a s  ( a s  a r u l e )  h i g h e r  t h a n  
t h e  u p p e r  l i m i t  f o r  t h e  o r i g i n a l  v a l u e s .  

For t h e  g u i n e a  p i g s  o f  t h e  t h i r d  g r o u p  a t  t h e  t i m e  o f  t h e  f i f t h  
i r r a d i a t i o n  i n  a d o s e  o f  3 r a n d  a f t e r w a r d ,  t h e  number  o f  lympho
c y t e s  d e c r e a s e d  by  1 - 2 . 5  t h o u s a n d ,  i n  c o m p a r i s o n  w i t h  t h e  l o w e r  
l i m i t  f o r  t h e  o r i g i n a l  v a l u e s ,  b u t  i t  a g a i n  r e a c h e d  t h e  o r i g i n a l  
l e v e l  w i t h i n  2 weeks  a f t e r  t h i s  i r r a d i a t i o n .  

The c h a r a c t e r i s t i c  f e a t u r e  o f  t h e  r e a c t i o n  o f  t h e  a b s o l u t e  
number  o f  l y m p h o c y t e s  i n  t h e  a n i m a l s  o f  t h e  s e c o n d  g r o u p  w a s  t h e  
f a c t  t h a t  a f t e r  t h e  r h i r d  combined  e f f e c t  o f  t h e  A'TH a n d  t h e  i r 
r a d i a t i o n  i n  d o s e s  of  25 r a n d  a l l  t h e  f o l l o w i n g  e f f e c t s  i n  d o s e s  o f  
3 r ,  t h e r e  was a b r i e f  b u t  p r o n o u n c e d  l y m p h o p e n i c  r e a c t i o n .  T h i s  
a p p e a r e d  v e r y  c l e a r l y  a f t e r  t h e  f o u r t h  a n d  f i f t h  i r r a d i a t i o n s  i n  
d o s e s  o f  3 r ,  i n  c o m b i n a t i o n  w i t h  t h e  A C T H .  W i t h i n  3 h o u r s  a f t e r  
t h e  e f f e c t ,  t h e r e  were  5-6 t h o u s a n d  l e s s  l y m p h o c y t e s  t h a n  a t  t h e  
l o w e r  l i m i t  o f  t h e  o r i g i n a l  v a l u e .  A f t e r  t h e  t h i r d  a d m i n i s t r a t i o n  
o f  A C T H  a n d  i r r a d i a t i o n  i n  a d o s e  o f  3 r ,  t h e r e  w a s  a d e c r e a s e  i n  / 3 5 0  
t h e  g e n e r a l  l e v e l  o f  t h e  q u a n t i t y  o f  l y m p h o c y t e s .  The pymphopen ia  
i n  t h e  a n i m a l s  o f  t h i s  g r o u p  has  f o u n d  t o  b e  p a r t i c u l a r l y  s t a b l e ;  
a t  t h e  e n d  o f  t h e  o b s e r v a t i o n s ,  t h e  q u a n t i t y  o f  l y m p h o c y t e s  was 
3 . 5 - 3 . 8  t h o u s a n d  l e s s  t h a n  i n  t h e  o r i g i n a l  c o n d i t i o n .  

I n  t h e  f o u r t h  g r o u p  o f  t h e  a n i m a l s  w h i c h  were  s u b j e c t e d  t o  
r a d i a t i o n  up t o  a t o t a l  d o s e  of 50 r a l o n g  w i t h  t h e  A C T H ,  t h e r e  
was a l s o  a s i g n i f i c a n t  ( b u t  somewhat  l e s s  p r o n o u n c e d )  l y m p h o p e n i c  
r e a c t i o n .  Wi th  a r e p e a t e d  e f f e c t  i n  d o s e s  o f  3 r ,  t h e  g e n e r a l  l e v e l  
of  t h e  number  o f  l y m p h o c y t e s  i n  t h e  a n i m a l s  o f  t h i s  g r o u p  a l s o  
g r a d u a l l y  d e c r e a s e d .  W i t h i n  2 weeks  a f t e r  t h e  f i f t h  i r r a d i a t i o n  i n  
a d o s e  o f  3 r ,  t h e  number  of l y m p h o c y t e s  a v e r a g e d  3 . 4  t h o u s a n d  l e s s  
t h a n  t h e  o r i g i n a l  l e v e l .  

F o r  t h e  a n i m a l s  o f  t h e  f o u r t h  g r o u p ,  w h i c h  o b t a i n e d  o n l y  A C T H ,  
t h e  c h a n g e s  i n  t h e  a b s o l u t e  q u a n t i t y  o f  l y m p h o c y t e s  ( j u s t  as  f o r  
t h e  a n i m a l s  o f  t h e  f i r s t  g r o u p )  a l m o s t  c o m p l e t e l y  r e f l e c t e d  t h e  
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d y n a m i c s  f o r  o s c i l l a t i o n  o f  t h e  t o t a l  number  o f  l e u k o c y t e s .  

The r e a c t i o n  t o  a d m i n i s t r a t i o n  of  A C T H  w a s  t h e  same f o r  t h e  
a n i m a l s  o f  a l l  t h e  g r o u p s ,  2 weeks  a f t e r  t h e  t e r m i n a t i o n  o f  r e p e a t e d  
i r r a d i a t i o n s  i n  d o s e s  o f  3 r .  T h i s  r e a c t i o n  w a s  c h a r a c t e r i z e d  b y  
a s i g n i f i c a n t  d e c r e a s e  i n  t h e  number  o f  l y m p h o c y t e s  3 h o u r s  a f t e r  
a d m i n i s t e r i n g  t h e  p r e p a r a t i o n .  W i t h i n  o n e  d a y ,  t h e r e  was a c o m p l e t e  
r e c o v e r y  o f  t h e  number  o f  l y m p h o c y t e s  i n  t h e  a n i m a l s  o f  a l l  t h e  
g r o u p s ,  e x c e p t  t h e  s e c o n d .  I n  t h i s  g r o u p ,  t ' h e r e  w a s  p r a c t i c a l l y  n o  
i n c r e a s e  i n  t h e  number  o f  l y m p h o c y t e s  o b s e r v e d  o n e  d a y  a f t e r  t h e  a d 
m i n i s t r a t i o n  o f  A C T H .  

The a b s o l u t e  q u a n t i t y  o f  e o s i n o p h i l s  a l s o  u ,nde rwen t  d e f i n i t e  
c h a n g e s .  For t h e  a n i m a l s  o f  t h e  f i r s t  a n d  t h i r d  g r o u p s ,  w h i c h  were 
s u b j e c t e d  o n l y  t o  t h e  r a d i a t i o n  e f f e c t ,  e a c h  i r r a d i a t i o n  u n t i l  t h e  
3 5 t h  d a y  o f  t h e  e x p e r i m e n t  w a s  a c c o m p a n i e d  by  a b r i e f  d e c r e a s e  i n  
t h e  number  o f  e o s i n o p h i l s ,  w i t h  s u b s e q u e n t  n o r m a l i z a t i o n .  T h r e e  
h o u r s  a f t e r  t h e  s e c o n d  i r r a d i a t i o n  i n  a d o s e  of  3 r ( 3 5 t h  d a y  o f  
t h e  e x p e r i m e n t ) ,  t h e  number  o f  e o s i n p h i l s  f o r  t h e  a n i m a l s  o f  t h e  
t h i r d  g r o u p  a l s o  d e c r e a s e d  by  50% ( i n  c o m p a r i s o n  w i t h  t h e  l e v e l  b e 
f o r e  t h e  i r r a d i a t i o n )  b u t  n o  n o r m a l i z a t i o n  a p p e a r e d  a f t e r  o n e  d a y .  
U n t i l  t h e  e n d  o f  t h e  e x p e r i m e n t ,  t h e  number  o f  e o s i n o p h i l s  f o r  t h e  
a n i m a l s  o f  t h e  t h i r d  g r o u p  a v e r a g e d  a b o u t  5 0 %  of  t h e  o r i g i n a l  v a l u e s .  

For t h e  a n i m a l s  o f  t h e  f i r s t  g r o u p  ( w h i c h  were  i r r a d i a t e d  up 
t o  a summary d o s e  o f  75 r >  a f t e r  t h e  t h i r d  a n d  s u b s e q u e n t  i r r a d i a t i o n s  
i n  d o s e s  o f  3 r ,  t h e  g e n e r a l  l e v e l  o f  t h e  number  o f  e o s i n o p h i l s  
r o s e  p r o g r e s s i v e l y ;  h o w e v e r ,  w i t h i n  3 h o u r s  a f t e r  e a c h  s e q u e n t i a l  
e f f e c t ,  t h e r e  w a s  a r e g u l a r  d e c r e a s e ,  w i t h  a f o l l o w i n g  i n c r e a s e  
a f t e r  o n e  d a y .  On t h e  8 9 t h  d a y  o f  t h e  e x p e r i m e n t ,  w i t h  f r a c t i o n a t e d  
i r r a d i a t i o n  i n  a d o s e  o f  3 r ,  t h e  q u a n t i t y  o f  e o s i n o p h i l s  i n  t h e  
a n i m a l s  o f  t h e  f i r s t  g r o u p  a v e r a g e d  775% 05 t h e  o r i g i n a l  l e v e l ,  
w h i l e  i t  a v e r a g e  700% on t h e  1 0 2 n d  d a y .  

For t h e  g u i n e a  p i g s  o f  t h e  s e c o n d  a n d  f o u r t h  g r o u p s ,  w h i c h  ob
t a i n e d  p r e l i m i n a r y  t o t a l  d o s e s  o f  75 a n d  50 r a g a i n s t  t h e  b a c k 
g r o u n d  o f  t h e  e f f e c t  o f  t h e  A C T H ,  t h e r e  were a l s o  o s c i l l a t i o n s  i n  
t h e  q u a n t i t y  o f  e o s i n o p h i l s ,  b u t  ( a s  a r u l e )  t h e y  were  more s t r o n g l y  
p r o n o u n c e d  t h a n  f o r  t h e  a n i m a l s  o f  t h e  f i r s t  a n d  t h i r d  g r o u p .  

T h e r e f o r e ,  t h e  a d m i n i s t r a t i o n  o f  A C T H  t o  t h e  i r r a d i a t e d  a n i m a l s / 3 5 1  
c a u s e d ,  as  a r u l e ,  much g r e a t e r  o s c i l l a t i o n  o f  t h e  number  o f  e o s i n 
o p h i l s  ( i n  t h e  f o r m  o f  a n  i n c r e a s e  i n  t h e i r  q u a n t i t y )  o n e  d a y  a f t e r  
t h e  combined  e f f e c t  t h a n  w a s  o b s e r v e d  f o r  t h e  a n i m a l s  o f  t h e  f i f t h  
g r o u p ,  t o  w h i c h  A C T H  w a s  a d m i n i s t e r e d  w i t h o u t  i r r a d i a t i o n .  T h i s  
p a r t i c u l a r  f e a t u r e  w a s  more  a p p a r e n t  i n  t h e  a n i m a l s  o f  t h e  s e c o n d  
g r o u p ,  w h i c h  o b t a i n e d  p r e l i m i n a r y  i r r a d i a t i o n  u p  t o  a t o t a l  d o s e  
o f  75 r .  

A s  for t h e  q u a n t i t y  o f  t h r o m b o c y t e s ,  w e  c o u l d  n o t  f i n d  a n y  
c l e a r  a n d  r e g u l a r  c h a n g e s ,  s i n c e  t h e  o s c i l l a t i o n s  of  t h i s  c h a r a c 
t e r i s t i c  were  a l s o  s i g n i f i c a n t  i n  t h e  o r i g i n a l  s t a t e .  N e v e r t h e l e s s ,  
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w e  c a n  e s t a b l i s h  t h a t ,  a f t e r  t h e  p e r i o d  o f  r e p e a t e d  i r r a d i a t i c n s  i n  
d o s e s  o f  25 r ,  t h e r e  w a s  a g r a d u a l  d e c r e a s e  i n  t h e  g e n e r a l  l e v e l  o f  
t h e  number o f  t h r o m b o c y t e s .  I n  p a r t i c u l a r ,  t h e  number o f  t h rombo
c y t e s  a v e r a g e d  a b o u t  1 6 0  t h o u s a n d  p e r  c c  o f  b l o o d  ( i n  c o m p a r i s o n  
w i t h  t h e  350 t h o u s a n d  o f  t h e  o r i g i n a l  c o n d i t i o n )  o n e  d a y  a f t e r  t h e  
t h i r d  i r r a d i a t i o n  i n  a d o s e  o f  2 5  r f o r  t h e  f i r s t  a n d  s e c o n d  g r o u p s ,  
a n d  a f t e r  t h e  t h i r d  a d m i n i s t r a t i o n  o f  t h e  A C T H  f o r  t h e  f i f t h  g r o u p .  , 

The number o f  t h r o m b o c y t e s  r e m a i n e d  a t  t h i s  l e v e l  f o r  t h e  a n i m a l s  
o f  t h e s e  g r o u p s  f o r  28 d a y s .  A t  a b o u t  t h i s  t i m e ,  t h e  amount  o f  
t h r o m b o c y t e s  a l s o  d e c r e a s e d  ( o n  t h e  a v e r a g e ,  down t o  1 8 5  t h o u s a n d )  
f o r  t h e  a n i m a l s  o f  t h e  t h i r d  and  f o u r t h  g r o u p s ,  wh ich  h a d  o b t a i n e d  
2 i r r a d i a t i o n s  i n  d o s e s  o f  25 r. R e p e a t e d  i r r a d i a t i o n s  i n  d o s e s  of  
3 r ,  i n  c o m b i n a t i o n  w i t h  A C T H  a n d  w i t h o u t  i t ,  w e r e  a c c o m p a n i e d  b y  
f a i r l y  s i g n i f i c a n t  o s c i l l a t i o n s  i n  t h e  number o f  t h r o m b o c y t e s  w i t h i n  
a r a n g e  o f  a b o u t  60 -70% o f  t h e  a v e r a g e  o r i g i n a l  l e v e l ;  t h e s e  o s c i l 
l a t i o n s  d i d  n o t  h a v e  a n y  d e f i n i t e  d i r e c t i o n a l i t y .  We d i d  n o t  f i n d  
any  d i f f e r e n c e s  by  g r o u p s  for t h e s e  o s c i l l a t i o n s .  

Hav ing  g e n e r a l i z e d  t h e  r e s u l t s  o f  t h e  h e m a t o l o g i c a l  o b s e r v a 
t i o n s  on t h e  g u i n e a  p i g s ,  we c a n  s a y  t h a t  t h e  e f f e c t  of i r r a d i a t i o n ,  
t h e  combined  e f f e c t  o f  i r r a d i a t i o n  i n  s m a l l  d o s e s  and  A C T H ,  a n d  
A C T H  a l o n e ,  c a u s e d  r a t h e r  p r o n o u n c e d  c h a n g e s  i n  t h e  m o r p h o l o g i c a l  
c o m p o s i t i o n  o f  t h e  b l o o d  o f  t h e  a n i m a l s .  I t  i s  i m p o r t a n t  t o  empha
s i z e  t h a t  w i t h  t h e  a i d  o f  t h e  A C T H ,  w h i c h  we u s e d  as  a f u n c t i o n a l  
s t r e s s ,  we c o u l d  f i n d  f u n c t i o n a l  c h a n g e s  i n  t h e  b l o o d  s y s t e m  o f  
t h e  a n i m a l s  w h i c h  w e r e  s u b j e c t e d  t o  p r e l i m i n a r y  r e p e a t e d  i r r a d i a 
t i o n  up  t o  t o t a l  d o s e s  o f  75 a n d  5 0  r ,  a n d  t o  s u b s e q u e n t  r e p e a t e d  
i r r a d i a t i o n s  i n  d o s e s  o f  3 r .  I n  t h i s  c a s e ,  i t  w a s  f o u n d  t h a t  t h e  
a p p l i c a t i o n  o f  t h e  f u n c t i o n a l  s t r e s s  r e v e a l s  a r e l a t i o n s h i p  b e t w e e n  
t h e  r e a c t i o n  o f  t h e  b l o o d  a n d  t h e  d o s a g e ,  e v e n  a t  s u c h  low l e v e l s  
of  i r r a d i a t i o n .  A c o n f i r m a t i o n  o f  t h i s  s t a t e m e n t  c a n  b e  f o u n d  i n  
t h e  f a c t  t h a t ,  f o r  t h e  a n i m a l s  o f  t h e  s e c o n d  g r o u p ,  wh ich  r e c e i v e d  
p r e l i m i n a r y  i r r a d i a t i o n  up t o  a t o t a l  d o s e  o f  7 5  r i n  c o m b i n a t i o n  
w i t h  A C T H  a n d  s u b s e q u e n t  r e p e a t e d  i r r a d i a t i o n  i n  d o s e s  o f  3 r ,  a l l  
t h e  c h a n g e s  i n  t h e  c o m p o s i t i o n  o f  t h e  b l o o d  w e r e  more c l e a r l y  p r o 
n o u n c e d  t h a n  i n  t h e  a n i m a l s  o f  t h e  f o u r t h  g r o u p ,  wh ich  r e c e i v e d  
p r e l i m i n a r y  i r r a d i a t i o n  up t o  a t o t a l  d o s e  o f  5 0  r. I t  i s  e s s e n 
t i a l  t o  r e a l i z e  t h a t  t h e  c h a n g e s  i n  t h e  b l o o d  o c c u r r e d  n o t  o n l y  
d u r i n g  t h e  p e r i o d  o f  t h e  r e p e a t e d  i r r a d i a t i o n s  i n  d o s e s  o f  25 r ,  
b u t  w e r e  p r e s e r v e d  and  e v e n  p r o g r e s s e d  t h r o u g h o u t  t h e  p e r i o d  o f  
r e p e a t e d  i r r a d i a t i o n  i n  d o s e s  o f  3 r .  T h i s  i s  r e l a t e d  t o  t h e  d e 
v e l o p m e n t  o f  l e u k o p e n i a ,  l y m p h o p e n i a ,  n e u t r o p e n i a ,  and  i n t e n s i f i 
c a t i o n  o f  d i s t o r t i o n  i n  t h e  l e u k o c y t i c  and  e o s i n o p h i l i c  r e a c t i o n  / 3 5 2  
t o  t h e  a d m i n i s t r a t i o n  o f  A C T H .  We c a n  c o n s i d e r  t h a t  t h e  r e p e a t e d  
i r r a d i a t i o n  i n  d o s e s  o f  3 r o c c u r r e d  a g a i n s t  a s i g n i f i c a n t l y  a l 
t e r e d  f u n c t i o n a l  b a c k g r o u n d  w h i c h  w a s  c r e a t e d  by  t h e  p r e l i m i n a r y  
i r r a d i a t i o n  up  t o  a t o t a l  d o s e  o f  75 or 50 r .  T h i s  d i s a d v a n t a g e o u s  
b a c k g r o u n d  w a s  p r o d u c e d  d e s p i t e  t h e  f a c t  t h a t  t h e  p r e l i m i n a r y  ir
r a d i a t i o n  i n  a d o s e  of  2 5  r w a s  made a t  i n t e r v a l s  o f  1 5  d a y s ,  w h i l e  
t h e r e  w a s  a n  i n t e r v a l  o f  28 d a y s  b e t w e e n  t h e  l a s t  i r r a d i a t i o n  a t  
t h i s  d o s e  r a t e  a n d  t h e  f i r s t  i r r a d i a t i o n  i n  a d o s e  o f  3 r. The i n 
t e r v a l s  b e t w e e n  i r r a d i a t i o n s  i n  d o s e s  o f  3 r were a l s o  f a i r l y  l o n g .  
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N e v e r t h e l e s s ,  w e  c a n  s e e  t h a t  c o m p l e t e  r e c o v e r y  o f  t h e  d i s o r d e r e d  
f u n c t i o n s  d o e s  n o t  o c c u r  f o r  t h e  g i v e n  r e g i m e  of i r r a d i a t i o n .  

RESULTS OF PATHOMORPHOLOGICAL A N D  NEUROHISTOLOGICAL E X A M I N A T I O N S  

S i x  weeks  a f t e r  t h e  e n d  o f  t h e  f r a c t i o n a l  i r r a d i a t i o n ,  amount 
i n g  t o  a t o t a l  d o s e  o f  9 0  r ,  w e  o b s e r v e d  d e s t r u c t i o n  o f  t h e  f o l l i 
c l e s  o f  t h e  s p l e e n  i n  t h e  g u i n e a  p i g s ,  a n d  a d e c r e a s e  i n  t h e i r  s i z e .  
A r e t i c u l a r  s t r o m a  w a s  f o u n d  i n  a r e a s  a r o u n d  t h e  p e r i p h e r y  o f  t h e  
f o l l i c l e s .  The l u m i n a  o f  t h e  c e n t r a l  a r t e r i e s  were  somewhat  e x 
p a n d e d ,  a n d  t h e i r  w a l l s  w e r e  t h i c k e n e d .  We f o u n d  p h a g o c y t i c  n u c l e a r  
f r a g m e n t s  i n  s m a l l  q u a n t i t i e s  i n  t h e  f o l l i c l e s .  The  p u l p  o f  t h e  
s p l e e n  w a s  i m p o v e r i s h e d  i n  c e l l u l a r  e l e m e n t s ,  a n d  t h e  q u a n t i t y  o f  
i r o n - c o n t a i n i n g  p i g m e n t  w a s  d e c r e a s e d .  F o c i  o f  e x t r a m e d u l l a r y  
h e m o p o i e s i s  were f o u n d  l e s s  f r e q u e n t l y  t h a n  i n  i n t a c t  a n i m a l s .  I n  
t h e  b o n e  m a r r o w ,  t h e r e  w a s  s o m e t i m e s  a n  i n c r e a s e  i n  t h e  q u a n t i t y  o f  
c e l l u l a r  e l e m e n t s ,  a n d  a n  i n c r e a s e  i n  t h e  d i m e n s i o n s  o f  t h e  c e l l s  
i n  t h e  e n d o s t e u m .  

I n  t h e  l u n g s ,  t h e r e  w e r e  s i g n s  o f  n o n - u n i f o r m  h y p e r e m i a  a n d  
a r e a s  o f  emphysema a n d  a t e l e c t a s e s .  I n  o n e  a n i m a l ,  t h e r e  were 
p u n c t a t e  s u b p l e u r a l  h e m o r r h a g e s .  I n  t h e  same a n i m a l ,  t h e r e  w a s  a 
s m a l l  d e f e c t  o f  t h e  e p i t h e l i u m  o f  t h e  g a s t r i c  m u c o s a ,  w i t h  a hem
o r r h a g e  and  a n  i n e r t  i n f l a m m a t o r y  r e a c t i o n .  

For t h e  i r r a d i a t i o n  i n  a t o t a l  d o s e  o f  6 5  r ,  t h e  p a t h o m o r p h o 
l o g i c a l  c h a n g e s  were l i m i t e d  t o  a s m a l l  d e c r e a s e  i n  t h e  vo lume  o f  
t h e  f o l l i c l e s  o f  t h e  s p l e e n  a n d  a s m a l l e r  q u a n t i t y  o f  i r o n - c o n t a i n 
i n g  p i g m e n t  i n  t h e  p u l p .  I n  o n e  a m i n a l ,  t h e r e  w a s  e r o s i o n  o f  t h e  
g a s t r i c  m u c o s a ,  w h ' i l e  t h e r e  were  v e r y  s m a l l  f o c i  o f  d i s p e r s i n g  
h e m o r r h a g e s  i n  t h e  l u n g s ,  shown b y  t h e  p r e s e n c e  ( i n  t h e  a l v e o l i )  
o f  c e l l s  o f  d e s q u a m a t e d  e p i t h e l i u m  c o n t a i n i n g  h e m o s i d e r i n .  I n  t h e  
r e m i a n i n g  a n i m a l s ,  t h e  c h a n g e s  were  t h e  same as  i n  t h e  p r e c e d i n g  
g r o u p .  

I n  t h e  a n i m a l s  t o  w h i c h  A C T H  w a s  a d m i n i s t e r e d  b e f o r e  e a c h  i r 
r a d i a t i o n  ( t o t a l  d o s e  o f  9 0  r ) ,  t h e  d e s c r i b e d  c h a n g e s  were l e s s  
p r o n o u n c e d .  We c o u l d  d e t e r m i n e  t h e  r e a c t i o n  o f  t h e  s p l e e n  t o  t h e  
r a d i a t i o n  o n l y  by a c e r t a i n  b l u r r i n g  of  t h e  b o u n d a r i e s  o f  t h e  f o l 
l i c l e s .  I n  t h e  p u l p  o f  t h e  s p l e e n ,  t h e  i r o n - c o n t a i n i n g  p i g m e n t  w a s  
f o u n d  i n  g r e a t e r  q u a n t i t y  t h a n  f o r  i r r a d i a t i o n  w i t h o u t  p r e l i m i n a r y  
a d m ' i n i s t r a t i o n  o f  A C T H ,  b u t  t h e r e  w a s  s t i l l  l e s s  o f  i t  t h a n  i n  
t h e  c o n t r o l  a n i m a l s .  I n  o n e  a n i m a l ,  two f o c i  o f  e r o s i o n  were  f o u n d  / 3 5 3  
i n  t h e  g a s t r i c  n u c o s a ,  e a c h  h a v i n g  a d i a m e t e r  o f  a b o u t  0 . 5  c m ,  w i t h  
a n  i n e r t  i n f l a m m a t o r y  r e a c t i o n .  

For t h e  i r r a d i a t i o n  i n  a t o t a l  d o s e  o f  6 5  r i n  c o m b i n a t i o n  
w i t h  a d m i n i s t r a t i o n  o f  A C T H ,  t h e r e  w a s  a d e c r e a s e  i n  t h e  q u a n t i t y  
o f  i r o n - c o n t a i n i n g  p i g m e n t  i n  t h e  s p l e e n ,  i n  c o m p a r i s o n  w i t h  t h e  
n o r m a l .  

I n  o n e  n o n - i r r a d i a t e d  a n i m a l  w h i c h  h a d  r e c e i v e d  A C T H ,  t h e r e  
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were s e v e r a l  e r o d e d  s e g m e n t s  l o c a t e d  i n  g a s t r i c  m u c o s a ,  a n d  t h e r e  
w a s  a l a r g e  f o c u s  o f  d i s s e m i n a t i n g  p n e u m o n i a  i n  t h e  l u n g s .  

Among t h e  i n t a c t  a n i m a l s ,  n o  p a t h o m o r p h o l o g i c a l  c h a n g e s  were  
f o u n d  i n  t h e  o r g a n i s m .  

D u r i n g  t h e  n e u r o h i s t o l o g i c a l  e x a m i n a t i o n s  o f  t h e  u r i n a r y  b l a d 
d e r ,  w e  f o u n d  t h e  f o l l o w i n g .  I n  t h e  i n t a c t  a n i m a l s ,  t h e r e  were  
o f t e n  b i n u c l e a r  n e u r o n s  w i t h  m u l t i p l e  p r o c e s s e s  i n  t h e  g a n g l i a ,  
w h i c h  h a d  good  v a s c u l a r i z a t i o n .  Among t h e  c l u s t e r e d  r e c e p t o r s  l o 
c a t e d  i n  t h e  w a l l  o f  t h e  u r i n a r y  b l a d d e r ,  t h e r e  w a s , a  l a r g e  quan
t i t y  o f  p o l y v a l e n t s .  The  p e r i c e l l u l a r  a n d  p e r i c a p s u l a r  a p p a p a t u s  
a r o s e  b e c a u s e  o f  t h e  d e l i c a t e  t e r m i n a l s  o f  t h e  n e r v e  f i b e r s .  Even  
t h e  s y n a p s e s  h a d  s m a l l  d i m e n s i o n s  a n d  t h e  s h a p e  o f  r i n g s  or b u t t o n s ;  
t h e y  w e r e  c l o s e l y  a d y o i n e d  t o  t h e  p e r i k a r y o n s  o f  n e u r o n s ,  or were 
imbedded  i n  t h e  n e u r o p l a s m .  I n  t h e  u r i n a r y  b l a d d e r  o f  t h e  a n i m a l s  
w h i c h  h a d  r e c e i v e d  o n l y  A C T H ,  some o f  t h e  g a n g l i o n i c  c e l l s  were  
somewhat  e n l a r g e d ;  t h e  s a t e l l i t e s  a r o u n d  them h a d  m u l t i p l i e d  r a p i d l y .  
The t e r m i n a l s  o f  some r e c e p t o r s  h a d  a d e l i c a t e  v a r i c o s i t y  a r o u n d  
t h e i r  p a t h s ,  a n d  h a d  become b y p e r c h r o m i c .  The n e r v e  f i b e r s  o f  t h e  
p u l p  were  p r i m a r i l y  i n v o l v e d  i n  t h e  r e a c t i v e  p r o c e s s e s .  

The f r a c t i o n a l  r e p e a t e d  i r r a d i a t i o n  o f  t h e  a n i m a l s  w i t h  t o t a l  
d o s e s  o f  9 0  and  6 5  r l e d  t o  u n i q u e  c h a n g e s  o f  a d e g e n e r a t i v e  n a t u r e  
i n  t h e  n e r v e  a p p a r a t u s  o f  t h e  u r i n a r y  b l a d d e r ,  r e g a r d l e s s  o f  t h e  
v a l u e  o f  t h e  d o s e .  The  n e r v e  n o d e s  c o n t a i n e d  a l a r g e  number  o f  
c e l l - Ahadows. T h e i r  c o r p o r a  became s w o l l e n ,  t h e  s a t e l l i t e  r e a c t i o n  
i n c r e a s e d  s h a r p l y ,  a n d  t h e r e  w a s  occasional.pseudoneuronophagia. 
The number  o f  b i n u c l e a r  a n d  b i n u c l e o l a r  g a n g l i o n i c  c e l l s  i n c r e a s e d .  
The n e r v e  f i b e r s  became  v a r i c o s e ,  w i t h  u n e q u a l  n o t c h e d  b o r d e r s  
a n d  v a c u o l e s .  Some o f  t h e  f i b e r s  o f  t h e  i n t e r n u s c u l a r  a n d  a d v e n t i 
t i o u s  p l e x i  u n d e r w e n t  d i s i n t e g r a t i o n .  A t  t h e  s i t e s  o f  b r a n c h i n g  
o f  t h e  a f f e r e n t  f i b e r s ,  i n f i l t r a t i o n s  o f  t h e  n e u r o p l a s m  w e r e  s e e n .  
The t e r m i n a l s  o f  t h e  r e c p t o r s  became v a r i c o s e  a n d  s w o l l e n ,  t h e  t e r m i 
n a l  r e g i o n s  became e n l a r g e d ,  a n d ,  i n  c o n t r a s t  t o  many n e u r o n s ,  t h e y  
w e r e  v e r y  h y p e r c h r o m i c .  The r e c e p t o r s  l i n k e d  t o  t h e  b l o o d  v e s s e l s  
u n d e r w e n t  t h e  g r e a t e s t  c h a n g e s .  The s y n a p s e s  became c o a r s e  a n d  
s w o l l e n ,  a n d  were  m o d e r a t e l y  e n l a r g e d .  

I n  t h e  a n i m a l s  w h i c h  h a d  r e c e i v e d  A C T H  b e f o r e  i r r a d i a t i o n ,  
t h e r e  were  m o r p h o l o g i c a l  c h a n g e s  w h i c h  were  t y p i c a l  o f  t h e  r e a c t i v e  
p r o c e s s e s .  Some o f  t h e  n e r v e  c e l l s  were  i n  a s t a t e  o f  a m i t o s i s ;  
d u m b - b e l l - s h a p e d  n u c l e i  a n d  i n c i p i e n t  p l a smotomy w e r e  v e r y  n o t i c e 
a b l e .  I n t e r n o d u l a r y  i n t r a n e u r o n i c  l i n k s  w e r e  v e r y  c l e a r ,  a n d  were  / 3 5 4  
c h a r a c t e r i z e d  by  a n  i n c r e a s e  i n  t h e  s y n a p t i c  p a t c h e s .  The r e a c t i v e  
c h a n g e s  g r e a t l y  e n c o m p a s s e d  t h e  i n t e r m u s c u l a r  p l e x u s ,  w h i c h  w a s  
f u n c t i o n a l l y  t h e  m o s t  a c t i v e  p a r t .  The a f f e r e n t  a n d  e f f e r e n t  e n d i n g s  
w e r e  f a i r i y  h y p e r t r o p h i c .  Most o f  t h e  p e r i c e l l u l a r  a p p a r a t u s  h a d  
a r e g u l a r  f o r m :  i n  some n e r v e  f i b e r s ,  t h e r e  w e r e  r e g i o n a l  p r o l i f 
e r a t i o n s  i n  t h e  f o r m  o f  g l o n i .  The Schwann c e l l s ,  l o c a t e d  a t  t h e  
s i t e s  o f  t h e  d i c h o t o m i c  b r a n c h i n g  o f  t h e  a f f e r e n t  f i b e r s ,  w e r e  
s w o l l e n  a n d  e n l a r g e d .  
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The c h a n g e s  f o u n d  i n  t h e  h e m o p i o e t i c  o r g a n s  a g r e e  w i t h  t h e  
d a t a  i n  t h e  l i t e r a t u r e .  I n  r e s p o n s e  t o  t h e  e f f e c t  o f  i o n i z i n g  r a 
d i a t i o n ,  t h e  e a r l i e s t  m o r p h o l o g i c a l  r e a c t i o n s  a r e  o b s e r v e d  i n  t h e  
h e m o p o i e t i c  o r g a n s ,  i n  t h e  f o r m  o f  a d e c r e a s e  i n  t h e  vo lume  o f  t h e  
f o l l i c l e s  o f  t h e  s p l e e n ,  a d e g e n e r a t i o n  o f  t h e  l y m p h o c y t e s  i n  t h e m ,  
a n d  a n  i m p o v e r i s h m e n t  o f  c e l l u l a r  e l e m e n t s  i n  t h e  b o n e  marrow [7,10]. 

The v a s c u l a r  c h a n g e s  a r e  a l s o  g e n e r a l l y  known t o  b e  p a r t  o f  t h e  
r e a c t i o n  t o  i o n i z i n g  i r r a d i a t i o n  [1,2,7,91. T h e i r  p r i n c i p a l  r o l e  
i s  f o u n d  i n  t h e  a p p e a r a n c e  o f  a h e m o r r h a g i c  s y n d r o m e  d u r i n g  r a d i a 
t i o n  s i c k n e s s .  The p r i m a r y  r e a c t i o n  o f  t h e  v e s s e l s ,  a c c o r d i n g  t o  
t h e  i n d i c a t i o n s  o f  t h e  a u t h o r s ,  i s  t h e  p l a s m a t i c  i m p r e g n a t i o n  a n d  
t h e  i n c r e a s e  i n  t h e  p e r m e a b i l i t y  o f  t h e  v a s c u l a r  w a l l s .  A f t e r  t h i s ,  
t h e  w a l l s  o f  t h e  v e s s e l s  l o s e  t h e i r  s h a p e  a n d  become homogeneous .  

O b v i o u s l y ,  t h e  f o c a l  h e m o r r h a g e s  i n  t h e  g a s t r i c  mucosa  a n d  t h e  
d e v e l o p m e n t  o f  e r o s i o n s ,  c e r t a i n  c h a n g e s  o f  t h e  w a l l s  i n  t h e  c e n 
t r a l  a r t e r i e s  of  t h e  f o l l i c l e s  o f  t h e  s p l e e n ,  a n d  t h e  n o n - u n i f o r m  
h y p e r e m i a  o f  t h e  l u n g s  c a n  b e  i n d i r e c t  s i g n s  o f  i n c i p i e n t  i n j u r y  
t o  t h e  v e s s e l s .  

A c c o r d i n g  t o  t h e  d a t a  o f  G .  H e i n e k e  a n d  A . Y e .  P a r e y s h v i l i  [ l o ] ,  
t h e  q u a n t i t y  o f  i r o n - c o n t a i n i n g  p i g m e n t  i n  t h e  s p l e e n  d u r i n g  t h e  
f i r s t  d a y s  a f t e r  i r r a d i a t i o n  i n c r e a s e s  s o m e w h a t .  E . I .  S h c h e b r a n '  
[ll] f o u n d  a d i r e c t  r e l a t i o n s h i p  b e t w e e n  t h e  r a d i a t i o n  d o s e  a n d  t h e  
p e r c e n t a g e  o f  i r o n  i n  t h e  s p l e e n  o f  a n i m a l s  a t  t h e  h e i g h t  o f  r a d i a 
t i o n  s i c k n e s s .  However ,  a r o u n d  t h e  4 4 t h  d a y  a n d  t h e  p e r i o d  f o l l o w 
i n g  ( t h e  o b s e r v a t i o n s  w e r e  c o n d u c t e d  up  t o  1 1 4  d a y s ) ,  t h e  a u t h o r  
d i d  n o t  f i n d  a n y  i r o n  i n  t h e  s p l e e n .  I t  i s  w e l l  known t h a t  a f t e r  
i r r a d i a t i o n  t h e r e  i s  a m a s s i v e  d e s t r u c t i o n  o f  t h e  e r y t h r o c y t e s  [5], 
a n d  t h e  q u a n t i t y  o f  i r o n - c o n t a i n i n g  p i g m e n t  i n  t h e  s p l e e n  i n c r e a s e s .  
However ,  t h e  u t i l i z a t i o n  o f  t h e  i r o n  i s  d i s o r d e r e d ,  w h i c h  s u b s e 
q u e n t l y  l e a d s  t o  i t s  d i s a p p e a r a n c e  f r o m  t h e  s p l e e n .  I n  o u r  e x p e r i 
m e n t ,  t h e  m o d e r a t e  d e c r e a s e  i n  t h e  q u a n t i t y  o f  i r o n - c o n t a i n i n g  p i g 
ment  i n  t h e  s p l e e n  o f  t h e  g u i n e a  p i g s  a f t e r  i r r a d i a t i o n  s h o u l d  ob
v i o u s l y  b e  c o n s i d e r e d  as  a s i g n  o f  a d i s o r d e r  i n  t h e  i r o n  e x c h a n g e  
w h i c h  i s  f o u n d  e v e n  d u r i n g  t h e  r e m o t e  a f t e r  e f f e c t s  o f  r e p e a t e d  
i r r a d i a t i o n s .  

I n  t h e  a n i m a l s  w h i c h  w e r e  g i v e n  A C T H ,  t h e  i m p o v e r i s h m e n t  o f  
l y m p h o c y t e s  i n  t h e  f o l l i c l e s  o f  t h e  s p l e e n ,  t h e  d i s o r d e r  i n  t h e  
i r o n  e x c h a n g e ,  a n d  t h e  c h a n g e s  i n  t h e  b l o o d  v e s s e l s  w e r e  l e s s  p r o 
n o u n c e d  t h a n  i n  t h e  g u i n e a  p i g s  w h i c h  w e r e  m e r e l y  i r r a d i a t e d .  
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COMPLEX EFFECT OF CERTAIN TYPES OF I O N I Z I N G  RADIATION AND DYNAMIC 
FL IGHT FACTORS ON THE HEMOPOIEPIC ORGANS OF MICE 

(PATHOMORPHOLOGICAL STUDIES) 

N . A .  G a y d a m a k i n ,  V . G .  P e t r u k h i n ,  V . V .  A n t i p o v ,  
P . P .  S a k s o n o v ,  a n d  V . S .  S h a s h k o v  

ABSTRACT:  I t  was shown t h a t  t h e  preliminary 
e f f e c t  of a s i n g t e  v i b r a t i o n ,  3 days  (and p a r t i c 
u l a r t y  1 d a y )  b e f o r e  i r r a d i a t i o n  w i t h  p r o t o n s
(830-875 r a d ) ,  i n t e n s i f i e d  t h e  damage t o  t h e  
lymphoid t i s s u e  i n  t h e  s p l e e n  and l e s s e n e d  t h e  
damage t o  t h e  h e m o p o i e t i c  c e l l u l a r  e t e m e n t s  of 
t h e  myeZobZas t ic  and e r y t h r o b l a s t i c  g rowths  in 
t h e  s p l e e n  and bone marrow. The r e c o v e r y  of'all 
t y p e s  of h e m o p o i e t i c  t i s s u e  i n  t h e s e  organs  was 
a c c e l e r a t e d .  The e f f e c t  of v i b r a t i o n  ( 3  days
and,  p a r t i c u l a r l y ,  5 days  a f t e r  t h e  i r r a d i a t i o n  
w i t h  t h e  p r o t o n s )  i n t e n s i f i e d  t h e  d e s t r u c t i v e  
changes i n  t h e  h e m o p o i e t i c  o rgans .  During t h e  
r e c o v e r y  p e r i o d ,  foci of n e c r o s i s  were found  i n  
t h e  s p l e e n  and bone marrow, and t h e  r e p a r a t i v e  
p r o c e s s e s  were d e t a y e d .  The e f f e c t  of a c e e l 
e r a t i o n , a p p l i e d  one day b e f o r e  t h e  y - i r r a d i a t i o n ,
decreased  t h e  d e v a s t a t i o n  of t h e  h e m o p o i e t i c  
organs  and a c c e l e r a t e d  t h e i r  r e c o v e r y .  The e f 
f e c t  of a c o e t e r a t i o n ,  a p p l i s d  one day a f t e r  
t h e  y - i r r a d i a t i o n ,  had no d e f i n i t e  r e t a t i o n  t o  
t h e  degree  of t h e  r a d i a t i o n  damage t o  t h e  hemo
p o i e t i c  o rgans .  

I t  h a s  b e e n  shown i n  a number o f  a r t i c l e s  t h a t  t h e  r e a c t i o n s  / 3 5 5  
o f  a n  o r g a n i s m  t o  r a d i a t i o n  u n d e r g o  s u b s t a n t i a l  c h a n g e s  when t h e  
r a d i a t i o n  i s  combined  w i t h  d y n a m i c  f a c t o r s  [ 3 - 5 ,  8 - 1 0 ] .  

I n  t h i s  s t u d y ,  we e x a m i n e d  t h e  d y n a m i c s  o f  t h e  p a t h o m o r p h o l o g i 
c a l  c h a n g e s  i n  t h e  s p l e e n  a n d  bone  marrow o f  287 m a l e  m i c e  o f  t h e  
C 5 7 b l  s t r a i n ,  d i v i d e d  i n t o  11 s e r i e s .  

The combined  e f f e c t  o f  i n c i d e n t  r a d i a t i o n  a n d  v i b r a t i o n  w a s  
e x a m i n e d  i n  a n i m a l s  w h i c h  w e r e  i r r a d i a t e d  by a c o l l i m a t e d  beam o f  
p r o t o n s  w i t h  a n  e n e r g y  o f  6 6 0  M e V ,  i n  d o s e s  o f  830-875  r a d ,  a t  t h e  
r a t e  o f  400-600 r a d / m i n  i n  t h e  6 - m e t e r  s y n c h r o c y c l o t r o n  o f  t h e  
J o i n t  I n s t i t u t e  for N u c l e a r  R e s e a r c h .  Two s e r i e s  o f  a n i m a l s  w e r e  
s u b j e c t e d  t o  t h e  e f f e c t  o f  a s i n g l e  v i b r a t i o n  a t  a f r e q u e n c y  o f  
70 Hz a n d  v i b r a t i o n  s t r e s s  o f  1 0  g f o r  o n e  h o u r ,  b e f o r e  i r r a d i a t i o n  
(1 or 3 d a y s  b e f o r e ) ,  a n d  two  o t h e r  s e r i e s  w e r e  s u b j e c t e d  t o  t h i s  
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e f fec t  af.ter i r r a d i a t i o n  ( 3  or 5 days  l a t e r ) .  
\ 

I n  examining  t h e  e f f e c t  o f  t h e  a c c e l e r a t i o n s ,  on t h e  d u r a t i o n  /356 
o f  t h e  r a d i a t i o n  i n j u r y ,  w e  u s e d  y - i r r a d i a t i o n  f rom Co60 i n  a dose  
o f  7 0 0  r ,  a t  t h e  ra te  o f  1 8  r / m i n .  The a n i m a l s  w e r e  s u b j e c t e d  to 
t h e  e f f e c t  o f  s tresses r e p e a t e d  1 0  t i m e s  (10 u n i t s ,  30 min)  one day 
b e f o r e  and one day  a f t e r  t h e  i r r a d i a t i o n .  Moreover,  t h e  m i c e  o f  . 
one s e r i e s  w e r e  s u b j e c t e d  o n l y  t o  i r r a d i a t i o n  by t h e  p r o t o n s ,  
w h i l e  t h e  m i c e  i n  o t h e r  ser ies  w e r e  s u b j e c t e d  o n l y  to y - i r r a d i a t i o n ,  
v i b r a t i o n ,  or a c c e l e r a t i o n s .  

For  t h e  p a t h o m o r p h o l o g i c a l  s t u d i e s ,  w e  k i l l e d  t h e  m i c e  w i t h  
e t h e r  a f t e r  v a r i o u s  p e r i o d s  (from 1 t o  6 0  days  after t h e  e f f e c t ) .  
The s p l e e n  and bone marrow w e r e  f i x e d  i n  a Carno t  m i x t u r e  and f i x e d  
i n  c e l l o i d i n .  The s p l e e n  w a s  s t a i n e d  w i t h  hematoxy l in -eos in  and 
( a c c o r d i n g  to B r a s h e )  w i t h  me thy l  g r e e n - p y r o n i n e  w i t h  a c o n t r o l  of  
r i b o n u c l e a s e ,  w h i l e  t h e  bone marrow w a s  s t a i n e d  o n l y  w i t h  hematoxy
l i n - e o s i n .  For  t h e  c y t o l o g i c a l  c o n t r o l ,  w e  u s e d  s m e a r s  o f  t h e  bone 
marrow and p r i n t s  o f  t h e  s p l e e n  which w e r e  s t a i n e d  a c c o r d i n g  t o  
Pappenheim and  Brashe  (me thy l  g r e e n - p y r o n i n e ) .  

The c l i n i c a l  symptoms o f  r a d i a t i o n  s i c k n e s s  were a l m o s t  i d e n t i 
c a l  f o r  t h e  i r r a d i a t e d  a n i m a l s  o f  a l l  t h e  s e r i e s .  Around t h e  4 5 t h  
day ,  w e  c o u l d  see foci o f  e p i l a t i o n  cove red  w i t h  d r y  scales and b i t s  
of  g r a y  h a i r  from 3 to 7 mm i n  d i a m e t e r  on t h e  s k i n  ( F i g .  1). I n  
t h e  n o n - i r r a d i a t e d  m i c e ,  i n d i v i d u a l  g r a y  h a i r s  w e r e  found on t h e  
4 5 t h  and 6 0 t h  d a y s .  

F i g .  1. C o n c e n t r a t i o n  o f  Gray H a i r s  on t h e  Head and Back of a 
Mouse, 6 0  Days A f t e r  I r r a d i a t i o n  w i t h  P r o t o n s .  I n  t h e  I n t a c t  Animal,  

There  a re  I n d i v i d u a l  Gray H a i r s .  



During  t h e  m i c r o s c o p i c  e x a m i n a t i o n  o f  t h e  s p l e e n ,  w e  found /357 
t h a t  t h e  f o l l i c l e s  w e r e  d e c r e a s e d  and poor  i n  lymphocytes  on t h e  
t h i r d  day a f t e r  i r r a d i a t i o n .  Around t h e  c e n t r a l  a r t e r i e s  and i n  
p l a c e s  a round  t h e  t r a b e c u l e s ,  w e  c o u l d  see a c c u m u l a t i o n s  o f  r e t i c u 
l a r  c e l l s  w i t h  p y r o n i n o p h i l i c  cy top la sm,  among which w e  found  ce l l s  
w i t h  f i g u r e s  o f  m i t o s i s .  The myelo id  f o c i  d i s a p p e a r e d  from t h e  
p u l p .  The megakaryocytes  t h a t  w e r e  p r e s e r v e d  had  hype rch romic  
p y k n o t i c  n u c l e i .  On t h e  s e v e n t h  day ,  t h e  d imens ions  o f  t h e  f o l l i c l e s  
and t h e  q u a n t i t y  o f  lymphocytes  i n  them d e c r e a s e d  even  more. Around 
t h i s  t i m e ,  l y m p h o b l a s t s  a p p e a r e d  i n  t h e  f o l l i c l e s  ,-and t h e  number o f  
c e l l s  w i t h  f i g u r e s  o f  m i t o s i s  i n c r e a s e d .  I n  t h e  p u l p ,  c e l l s  w i t h  a 
p y r o n i n o p h i l i c  cy top la sm w e r e  o f t e n  found ;  among them, i n  a d d i t i o n  
t o  t h e  h e m o c y t o b l a s t s ,  t h e r e  a p p e a r e d  a c c u m u l a t i o n s  o f  e r y t h r o b l a s t s ,  
i n f r e q u e n t  m y e l o b l a s t s ,  and l a r g e r  megakaryocytes .  On t h e  f i f t e e n t h  
day ,  t h e  f o l l i c l e s  had t h e i r  r e g u l a r  d i m e n s i o n s ,  b u t  t h e r e  w e r e  
f e w  lymphocytes  i n  them, and many l y m p h o b l a s t s  and  p ro lymphocy tes ,  
o f t e n  w i t h  f i g u r e s  of  m i t o s i s .  I n  t h e  p u l p ,  w e  found a l a r g e  amount 
o f  megakaryocytes  and a c c u m u l a t i o n s  o f  e r y t h r o - ,  myelo-,  and hemo
c y t o b l a s t s ,  among which w e  c o u l d  see many m i t o t i c a l l y  d i v i d i n g  ce l l s .  
On t h e  t h i r t i e t h  d a y ,  t h e  q u a n t i t y  o f  lymphocytes  i n  t h e  f o l l i c l e s  
i n c r e a s e d ,  and  r e p r o d u c t i o n  c e n t e r s  a p p e a r e d  i n  some f o l l i c l e s .  
The myelo id  hemopo ies i s  w a s  r e p r e s e n t e d  by p o l y m o r p h o c e l l u l a r  s t r a n d s  
l o c a t e d  i n  t h e  p u l p  b e n e a t h  t h e  c a p s u l e  and a round  t h e  t r a b e c u l e s .  
I n  compar ison  w i t h  t h e  p r e c e d i n g  p e r i o d ,  t h e  q u a n t i t y  o f  e r y t h r o 
and myelo- b l a s t s  and megakaryocytes  among t h e  myelo id  c e l l s  i n  

c r e a s e d ,  and t h e  q u a n t i t y  o f  h e m o c y t o b l a s t s  d e c r e a s e d .  On t h e  6 0 t h  /358 

d a y ,  t h e  f o l l i c l e s  o f  t h e  s p l e e n  had somewhat b l u r r e d  b o u n d a r i e s ,  

w e r e  o f  t h e  u s u a l  d i m e n s i o n s ,  and c o n t a i n e d  a s i g n i f i c a n t  q u a n t i t y  

o f  lymphocytes  and  somewhat more t h a n  t h e  u s u a l  amount o f  prolympho 

c y t e s  and l y m p h o b l a s t s .  Around t h i s  t i m e ,  r e p r o d u c t i o n  c e n t e r s  


F i g .  2 .  Myeloid F o c i  i n  t h e  Pu lp  o f  t h e  S p l e e n  of  a Mouse, 3 0  Days 
A f t e r  t h e  E f f e c t  of V i b r a t i o n  (Hematoxyl in-Eos in ,  210X. 
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w e r e  formed, t h e  f o c i  o f  t h e  myelo id  hemopo ies i s  d e c r e a s e d  i n  
volume, and t h e  m i t o t i c  a c t i v i t y  o f  t h e  c e l l s . i n  them a l s o  d e c r e a s e d .  

I n  t h e  m i c e  which w e r e  s u b j e c t e d  t o  t h e  e f f ec t  o f  t h e  v i b r a t i o n ,  
w e  obse rved  i n  t h e  s p l e e n  ( d u r i n g  t h e  f i r s t  d a y s )  a weakening o f  
t h e  m i t o t i c  a c t i v i t y  o f  t h e  h e m o p o i e t i c  e l e m e n t s  i n  t h e  f o l l i c l e s ,  
as w e l l  as f o c i  o f  m y e l o p o i e s i s ,  a n  impover i shment  i n  lymphocytes  
f o r  t h e  f o l l i c l e s ,  and d e s t r u c t i o n  o f  some of  t h e  megaka ryocy tes .  
A f t e r  t h e  t h i r d  d a y ,  w e  n o t e d  a n  a c c u m u l a t i o n  o f  r e t i c u l a r  c e l l s  
i n  t h e  f o l l i c l e s  and t h e  p u l p ;  r i b o n u c l e i c  a c i d  w a s  found i n  t h e  
cy top la sm o f  t h e s e  c e l l s .  B y  t h e  s e v e n t h  d a y ,  t h e  number of  hemo
c y t o b l a s t s  had i n c r e a s e d ;  a round  t h e  1 5 t h  d a y ,  t h e y  w e r e  found much 
more o f t e n  i n  t h e  p u l p  o f  t h e  s p l e e n ,  b e n e a t h  t h e  c a p s u l e  and 
a round  t h e  t r a b e c u l e s ,  t h a n  w a s  t h e  case i n  t h e  i n t a c t  a n i m a l s .  
The f o l l i c l e s  o f  t h e  s p l e e n  had  a l m o s t  c o m p l e t e l y  r e c o v e r e d  t h e i r  
volume by t h i s  t i m e ,  and t h e y  c o n t a i n e d  t h e  r e g u l a r  q u a n t i t y  o f  
lymphoid e l e m e n t s .  Dur ing  t h e  f o l l o w i n g  p e r i o d  (on t h e  3 0 t h  and 
6 0 t h  d a y s ) ,  t h e  q u a n t i t y  o f  m y e l o p o i e t i c  f o c i  i n  t h e  p u l p  o f  t h e  
s p l e e n  i n c r e a s e d ,  i n  compar ison  w i t h  t h e  s p l e e n s  o f  t h e  i n t a c t  m i c e  
( F i g .  2 ) .  

I n  t h e  bone marrow o f  t h e  a n i m a l s  which underwent  t h e  e f f e c t  /359 
o f  v i b r a t i o n ,  t h e r e  w a s  a development  o f  venous p l e t h o r a ,  e r y t h r o 
s t a s e s ,  and hemorrhages ;  t h e r e  w a s  a l s o  a d e f i n i t e  e x p a n s i o n  of  
t h e  venous s i n u s e s  ( F i g .  3 ) .  Around t h e  t h i r d  day ,  a l l  t h e s e  changes  
d i s a p p e a r e d .  Dur ing  t h e  f o l l o w i n g  p e r i o d ,  there  w a s  a n  i n c r e a s e  i n  
t h e  q u a n t i t y  o f  n u c l e o s e g m e n t a l  g r a n u l o c y t e s  i n  compar ison  w i t h  t h e  
bone marrow o f  t h e  i n t a c t  a n i m a l s .  

F i g .  3 .  Hemopoiesis  i n  t h e  Stroma of  t h e  Bone Marrow of  a Mouse, 
6 Hours A f t e r  t h e  E f f e c t  o f  V i b r a t i o n  (Hematoxyl in-Eos in ,  633X.) 
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F i g .  4 .  Focus of R e t i c u l a r  C e l l s  w i t h  a B a s o p h i l i c  Cytoplasm i n  t h e  
Pu lp  o f  t h e  S p l e e n  (Around t h e  T r a b e c u l e s ) ,  on t h e  T h i r d  Day A f t e r  
I r r a d i a t i o n  w i t h  P r o t o n s .  One D a y  Be fo re  I r r a d i a t i o n ,  t h e  Mouse 
w a s  S u b j e c t e d  t o  t h e  E f f e c t  o f  V i b r a t i o n  (Hematoxyl in-Eos in ,  320X.) 

F i g .  5 .  Focus o f  E r y t h r o b l a s t s  i n  t h e  Bone Marrow o f  a Mouse, on 
t h e  T h i r d  D a y  A f t e r  t h e  Combined E f f e c t  (Hematoxyl in-Eos in ,  320X.) 
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I n  t h e  a n i m a l s  w h i c h  were s u b j e c t e d  t o  t h e  e f f e c t  o f  v i b r a t i o n  
one  d a y  b e f o r e  i r r a d i a t i o n  w i t h  p r o t o n s ,  t h e  n a t u r e  o f  t h e  p a t h o 
m o r p h o l o g i c a l  c h a n g e s  w a s  somewhat  d i f f e r e n t  f r o m  t h a t  o b s e r v e d  i n  
t h e  m i c e  w h i c h  u n d e r w e n t  o n l y  i r r a d i a t i o n  w i t h  p r o t o n s .  T h u s ,  on 
t h e  t h i r d  d a y  a f t e r  i r r a d i a t i o n ,  t h e  f o l l i c l e s  w e r e  d e c r e a s e d  t o  
t h e  same d e g r e e ,  b u t  t h e y  h a d  f e w e r  m a t u r e  l y m p h o c y t e s ,  a n d  more 
r e t i c u l a r  c e l l s  w i t h  a p y r o n i n o p h i l i c  c y t o p l a s m  a n d  f i g u r e s  o f  m i t o 
s i s  t h a n  f o r  t h e  a n i m a l s  w h i c h  u n d e r w e n t  - o n l y  t h e  i r r a d i a t i o n .  I n  
t h e  p u l p ,  w e  c o u l d  s e e  f o c i  w h i c h  c o n s i s t e d  m a i n l y  o f  r e t i c u l a r  
c e l l s  w i t h  a p y r o n i n o p h i l i c  c y t o p l a s m  a n d  a h y p e r c h r o m i c  n u c l e u s ;  
some had  f i g u r e s  o f  m i t o s i s ,  as  w e l l  a s  e r y t h r o b l a s t s  ( F i g .  4 ) .  On ' 

t h e  s e v e n t h  d a y ,  t h e  f o l l i c l e s  o f  t h e  s p l e e n  w e r e  l a r g e r ,  a n d  t h e y  
c o n t a i n e d  p r o l y m p h o c y t e s  w i t h  a h i g h e r  m i t o t i c  a c t i v i t y ,  t h a n  a f t e r  
i r r a d i a t i o n  by p r o t o n s .  T h e s e  f o l l i c l e s  a l s o  c o n t a i n e d  l y m p h o c y t e s .  
I n  t h e  p u l p  o f  t h e  s p l e e n ,  w e  f o u n d  e r y t h r o b l a s t s  more  f r e q u e n t l y  
a n d  m e g a k a r y o c y t e s  l e s s  f r e q u e n t l y .  On t h e  f i f t e e n t h  d a y ,  t h e r e  
w e r e  many more l y m p h o c y t e s ,  p r o l y m p h o c y t e s ,  a n d  m i t o t i c a l l y  d i v i d i n g  
c e l l s  i n  t h e  f o l l i c l e s  o f  t h e  s p l e e n  t h a n  w e r e  f o u n d  i n  t h e  a n i m a l s  
a f t e r  i r r a d i a t i o n  w i t h  p r o t o n s .  I n  t h e  p u l p ,  m y e l o i d  p o l y m o r p h o - / 3 6 0  
c e l l u l a r  s t r a n d s ,  c o n s i s t i n g  o f  a c c u m u l a t i o n s  o f  f r e q u e n t l y - d i v i d i n g  
( m i t o t i c a l l y )  e r y t h r o b l a s t s ,  h e m o c y t o b l a s t s ,  a n d  m e g a k a r y o c y t e s ,  
w e r e  f o u n d  v e r y  o f t e n  a n d  i n  l a r g e  q u a n t i t i e s .  

On t h e  3 0 t h  d a y ,  t h e  f o l l i c l e s  o f  t h e  s p l e e n  h a d  n o r m a l  d imen
s i o n s ,  r a t h e r  c l e a r  b o u n d a r i e s  a n d  f o r m e d  m u l t i p l i c a t i o n  c e n t e r s ,  
a n d  c o n t a i n e d  more l y m p h o c y t e s  t h a n  w e r e  f o u n d  i n  t h e  a n i m a l s  a f t e r  
i r r a d i a t i o n  w i t h  p r o t o n s .  T h e r e  w e r e  f e w e r  c e l l s  w i t h  f i g u r e s  o f  
m i t o s i s .  I n  t h e  p u l p  o f  t h e  s p l e e n ,  t h e r e  w e r e  more e r y t h r o b l a s t s  
a n d  m y e l o b l a s t s  a n d  f e w e r  h e m o c y t o b l a s t s .  On t h e  6 0 t h  d a y  a f t e r  t h e  
combined  e f f e c t ,  t h e  a n i m a l s  showed somewhat  more l y m p h o c y t e s  i n  t h e  
f o l l i c l e s ,  and  f e w e r  m y e l o p o i e t i c  f o c i  i n  t h e  p u l p ,  t h a n  was t h e  
c a s e  f o r  t h e  m i c e  w h i c h  u n d e r w e n t  o n l y  p r o t o n  i r r a d i a t i o n .  However ,  
t h e  d i f f e r e n c e s  i n  t h i s  c a s e ,  i n  c o m p a r i s o n  w i t h  t h e  s p l e e n s  o f  
t h e  a n i m a l s  w h i c h  w e r e  o n l y  i r r a d i a t e d  w i t h  p r o t o n s ,  w e r e  l e s s  
c l e a r l y  e x p r e s s e d .  

The bone  marrow o f  t h e  a n i m a l s  w h i c h  u n d e r w e n t  t h e  e f f e c t  o f  
v i b r a t i o n  one  d a y  b e f o r e  i r r a d i a t i o n  w i t h  p r o t o n s  w a s  d e v a s t a t e d  
( o n  t h e  t h i r d  d a y  a f t e r  t h e  i o n i z i n g  e f f e c t )  t o  t h e  same d e g r e e  a s  
t h e  bone  marrow o f  t h e  a n i m a l s  w h i c h  u n d e r w e n t  o n l y  t h e  p r o t o n  
i r r a d i a t i o n .  I n  t h e  c a s e  o f  t h e  combined  e f f e c t ,  e r y t h r o b l a s t s  
w e r e  f o u n d  much more o f t e n  i n  t h e  bone  marrow ( F i g .  5 ) .  By t h e  7 t h  
d a y ,  t h e  q u a n t i t y  o f  n u c l e o s e g m e n t a l  g r a n u l o c y t e s  a n d  m e g a k a r y o c y t e s  
i n  t h e  b o n e  marrow o f  t h e s e  a n i m a l s  h a d  n o t  c h a n g e d .  The q u a n t i t y  
o f  e r y t h r o b l a s t s  i n c r e a s e d  t o  a l e s s e r  d e g r e e  t h a n  f o r  t h e  a n i m a l s  / 3 6 1  
w h i c h  u n d e r w e n t  o n l y  t h e  p r o t o n  i r r a d i a t i o n .  Around t h e  1 5 t h  d a y ,  
t h e  s t r o m a  o f  t h e  b o n e  marrow w a s  a l m o s t  c o m p l e t e l y  f i l l e d  w i t h  
c e l l u l a r  e l e m e n t s ;  h o w e v e r ,  a f t e r  t h e  combined  e f f e c t ,  t h e r e  w e r e  
many more d e v e l o p i n g  h e m o c y t o b l a s t i c  f o r m s  i n  i t .  Around t h e  3 0 t h  
d a y ,  The q u a n t i t y  of m a t u r e  c e l l u l a r  e l e m e n t s  i n  t h e  b o n e  marrow 
had  r C c o v e r e d  a l m o s t  t o  t h e  o r i g i n a l  l e v e l ,  b u t  t h e y  were f o u n d  
c o m p a r a t i v e l y  more f r e q u e n t l y  i n  t h e  a n i m a l s  w h i c h  u n d e r w e n t  t . he  
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combined effect. By the 60th day, the bone marrow had the same 

structure as in the non-irradiated animals. 


The damage to the bone marrow in the animals which underwent 

vibration 3 days before irradiation was less pronounced than for 

the animals which were only irradiated. However, it was more pro

nounced than for the animals which underwent vibration one day 

before proton irradiation. The recovery of the number of cellular 

elements, as in the two preceding series, began with an increase in 

the number of erythroblasts and hemocytoblastic elements, and 

occurred somewhat more slowly than in the animals which were irra

diated with protons one day after the vibration. On the 30th and 

60th days, there were no differences in the structure of the bone 

marrow for either series of animals which underwent the combined 

effect of protons and vibration. 


After the combined effect of irradiation and subsequent vibra
tion, the picture of the radiation injury also changed. F o r  the 
animals which underwent vibration on the third day after proton 
irradiation, the destruction of the lymphoid elements in the spleen 
was intensified, all the way to their complete disappearance from 
the reticular stroma of the follicles. The recovery of the lymphoid 
tissue in the spleen was also delayed, while the recovery of the 
myeloid hemopoiesis occurred somewhat more rapidly. The damage to 
the bone marrow was also intensified, and the reticular stroma 
seemed to be more damaged on the third and seventh days. The erythro
blasts disappeared entirely on the third day after irradiation (6 
hours after vibration), and nucleosegmental granulocytes made up 
the main mass of the cells. During the following period, there was 
a definite retardation of the recovery of the zellular elements, 
principally the erythroblasts. 

On the fifth day after irradiation with protons, and 5 hours 

after vibration, the spleen was wrinkled, there were almost no cells 

with figures of mitosis in the damaged and diminished follicles, 

and the nuclei of the reticular cells were sharply hyperchromic. 

The erythroblasts which were found in small amounts in the pulp had 

pyknotic nuclei. Recovery of the volume and cellular composition 

of the follicles and myelopoietic foci of the pulp was delayed. In 

the bone marrow, in addition to the intensification of the destruc

tion of the hemopoietic cells, there was observed for a long time 

a detachment of the endosteum caused by a serious-sanguinolent 

fluid. The recovery of the bone marrow began later than in the 

animals which were only irradiated, and the maturation of the cellu

lar forms in them was delayed. Moreover, on the 15th day after /363 

vibration (on the 20th day after irradiation), we could see very 

large foci of necrosis in the spleen and bone marrow (Fig. 6). 


The combined effect of incident radiation and acceleration 

was studied in animals which had been subjected to y-irradiation. 

In the control series of animals which underwent only the y-irradia

tion, the small number of lymphocytes remaining after one day in 
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t h e  a l r e a d y  v e r y  damaged f o l l i c l e s  had p y k n o t i c  n u c l e i ;  w e  f r e q u e n t l y  
found n u c l e a r  Fragments ;  t h e r e  w e r e  no c e l l s  w i t h  f i g u r e s  o f  m i t o s i s .  
I n  t h e  p u l p ,  t h e  volume o f  t h e  myelo id  f o c i  s h a r p l y  d e c r e a s e d .  On 
t h e  t h i r d  day ,  t h e r e  w e r e  no lymphocytes  i n  t h e  f o l l i c l e s .  No 
m y e l o p o i e t i c  f o c i  c o u l d  be  found i n  t h e  p u l p ,  and t h e r e  w e r e  f e w  
megakaryocytes .  B y  t h e  s e v e n t h  day ,  t h e  megakaryocytes  had a l s o  
d i s a p p e a r e d .  On t h e  1 5 t h  d a y ,  t h e r e  a p p e a r e d  l y m p h o b l a s t s  and p ro -
lymphocytes  (some w i t h  f i g u r e s  of  m i t o s i s )  i n  t h e  f o l l i c l e s .  Mature 
lymphocytes  w e r e  found o n l y  a l o n g  t h e  p e r i p h e r y  o f  t h e  f o l l i c l e s .  
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F i g .  6. N e c r o s i s  of a F o l l i c l e  i n  t h e  S p l e e n  ( A )  and Bone,Marrow 
(B) on t h e  20th Day A f t e r  P r o t o n  I r r a d i a t i o n .  On t h e  5 t h  Day A f t e r  
I r r a d i a t i o n ,  t h e  Mouse was S u b j e c t e d  t o  V i b r a t i o n  (Hematosyl in-

E o s i n ,  320X.) 
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The f o c i  o f  m y e l o i d  h e m o p o i e s i s  w h i c h  a p p e a r e d  i n  t h e  r e d  p u l p  
a r o u n d  t h i s  t i m e  c o n s i s t e d  m a i n l y  o f  y o u n g  h e m o c y t o b l a s t i c  e l e m e n t s  
w i t h  i n t e n s e l y  p y r o n i n o p h i l i c  c y t o p l a s m  a n d  h i g h  m i t o t i c  a c t i v i t y ;  
more m a t u r e  f o r m s  ( e r y t h r o b l a s t s  a n d  m y e l o b l a s t s )  were f o u n d  r a t h e r  
i n f r e q u e n t l y .  The p e r c e n t a g e  o f  m e g a k a r y o c y t e s  w a s  t h e  same a s  f o r  
t h e  n o n - i r r a d i a t e d  a n i m a l s .  On t h e  3 0 t h  d a y ,  t h e  q u a n t i t y  o f  m a t u r e  
c e l l u l a r  e l e m e n t s  i n  t h e  f o l l i c l e s  a n d  m y e l o p o i e t i c  f o c i  ( i n  c o m p a r i 
s o n  w i t h  t h e  p r e v i o u s  p e r i o d )  i n c r e a s e d ,  w h i l e  t h e  q u a n t i t y  o f  
young  n o n - d i f f e r e n t i a t e d  c e l l s  d e c r e a s e d  somewha t .  The f o l l i c l e s  
were  d i m i n i s h e d ,  a n d  t h e y  h a d  n o  c l e a r  b o u n d a r i e s  o r  r e p r o d u c t i o n  
c e n t e r s .  One d a y  a f t e r  t h e  i r r a d i a t i o n ,  t h e r e  w a s  a s i g n i f i c a n t  
i m p o v e r i s h m e n t  i n  c e l l u l a r  e l e m e n t s  i n  t h e  b o n e  m a r r o w ,  a n d  n u c l e a r  
f r a g m e n t s  w e r e  d e t e c t e d  among t h e  i n t a c t  c e l l s .  On t h e  t h i r d  a n d  
s e v e n t h  d a y s ,  t h e  b o n e  marrow w a s  d e v a s t a t e d ,  a n d  i t s  s t r o m a  w a s  
s u r r o u n d e d  b y ,  a n d  f i l l e d  w i t h ,  b l o o d .  Around t h e  1 5 t h  d a y ,  t h e r e  
a p p e a r e d  f o c a l  a c c u m u l a t i o n s  o f  h e m o c y t o b l a s t s ,  e r y t h r o b l a s t s ,  
m e g a k a r y o c y t e s  a n d  m y e l o b l a s t s ,  b u t  a s i g n i f i c a n t  p a r t  o f  t h e  b o n e  
marrow s t i l l  r e m a i n e d  r a t h e r  i m p o v e r i s h e d  i n  c e l l u l a r  e l e m e n t s .  On 
t h e  3 0 t h  d a y ,  t h e  b o n e  marrow c o n t a i n e d  t h e  r e g u l a r  q u a n t i t y  o f  
c e l l s ;  i n  t h i s  c a s e ,  i t  d i f f e r e d  f r o m  t h e  b o n e  marrow o f  t h e  n o n - i r  
i r r a d i a t e d  m i c e  by a much h i g h e r  p e r c e n t a g e  o f  young  c e l l u l a r  
e l e m e n t s .  

For t h e  m i c e  w h i c h  u n d e r w e n t  t h e  e f f e c t  of a c c e l e r a t i o n  (10 
g f o r  30 m i n ) ,  we n o t e d  a r a t h e r  d i v e r s e  p i c t u r e  i n  t h e  s p l e e n  a n d  
b o n e  marrow d u r i n g  a l l  t h e  p e r i o d s  i n  some a n i m a l s ,  t h e  h i s t o 
l o g i c a l  s t r u c t u r e  o f  t h e s e  o r g a n s  w a s  u s u a l ;  i n  o t h e r s ,  t h e r e  w e r e  
c e r t a i n  c h a n g e s .  T h u s ,  i n  some o f  t h e  a n i m a l s ,  t h e  f o l l i c l e s  o f  
t h e  s p l e e n  h a d  b l u r r e d  b o u n d a r i e s ,  a n d  w e r e  somewhat  i m p o v e r i s h e d  
i n  l y m p h o i d  e l e m e n t s ;  t h e  m i t o t i c  a c t i v i t y  o f  t h e  l a t t e r  w a s  some
what  d e c r e a s e d .  Be tween  t h e  c e l l s  of t h e  f o l l i c l e s ,  t h e r e  w e r e  / 3 6 4  
s o m e t i m e s  n u c l e a r  f r a g m e n t s ;  on t h e  f o l l o w i n g  d a y s ,  t h e y  c o u l d  n o t  
b e  f o u n d .  An i n c r e a s e  i n  t h e  m i t o t i c  a c t i v i t y  o f  t h e  c e l l s  i n  t h e  
f o l l i c l e s  o f  t h e  s p l e e n  w a s  n o t e d  up  t o  t h e  t h i r d  d a y ,  w h i l e  a l a c k  
o f  c l a r i t y  i n  t h e  b o u n d a r i e s  o f  t h e  f o l l i c l e s  w a s  m a i n t a i n e d  up t o  
t h e  s e v e n t h  d a y .  D u r i n g  t h e  f o l l o w i n g  p e r i o d s ,  t h e  m o r p h o l o g i c a l  
p i c t u r e  o f  t h e  s p l e e n  f o r  t h e  m i c e  w h i c h  u n d e r w e n t  t h e  e f f e c t  o f  
a c c e l e r a t i o n  w a s  t h e  u s u a l  o n e .  A f t e r  o n e  d a y ,  some m i c e  showed 
a d e f i n i t e  i n c r e a s e  i n  t h e  q u a n t i t y  o f  e r y t h r o b l a s t s  a n d  m y e l o b l a s t s ,  
a n d  a d e c r e a s e  i n  t h e  number  o f  n u c l e o s e g m e n t a l  g r a n u l o c y t e s .  
F i g u r e s  o f  m i t o s i s  were f o u n d  among t h e  m e g a k a r y o c y t e s .  D u r i n g  t h e  
f o l l o w i n g  p e r i o d s ,  t h e  s t r u c t u r e  o f  t h e  b o n e  marrow w a s  r e g u l a r  i n  
m o s t  o f  t h e  mice w h i c h  u n d e r w e n t  t h e  s t r e s s ;  i n  some o f  t h e m ,  t h e  
number o f  e r y t h r o b l a s t s  i n c r e a s e d .  

For t h e  a n i m a l s  w h i c h  u n d e r w e n t  y - i r r a d i a t i o n  o n e  d a y  a f t e r  
t h e  a c c e l e r a t i o n ,  t h e  c h a n g e s  i n  t h e  s p l e e n  a r o u n d  t h e  t h i r d  d a y  

. 	 were t h e  same a s  f o r  t h e  a n i m a l s  wh ich  w e r e  o n l y  y - i r r a d i a t e d ,  b u t  
a s m a l l  amount  o f  l y m p h o c y t e s  r e m a i n e d  i n  t h e  f o l l i c l e s ,  a s  w e l l  a s  
s i n g l e  f i g u r e s  o f  m i t o s i s  among t h e  r e t i c u l a r  c e l l s .  The l a t t e r  
c o u l d  a l s o  b e  o b s e r v e d  on t h e  s e v e n t h  d a y ;  a t  t h i s  t i m e ,  s i n g l e  
m e g a k a r y o c y t e s  w e r e  s t i l l  p r e s e r v e d  i n  t h e  p u l p .  Around t h e  1 5 t h  

396 




d a y ,  i n  t h e  a n i m a l s  w h i c h  w e r e  s u b j e c t e d  t o  t h e  c o m b i n e d  e f f e c t ,  t h e  
volume o f  t h e  f o l l i c l e s  w a s  somewhat  l a r g e r  a n d  t h e r e  were  more 
l y m p h o c y t e s .  Around t h e  3 0 t h  d a y ,  a f t e r  t h e  y - i r r a d i a t i o n  a n d  a f t e r  
t h e  c o m b i n e d  e f f e c t ,  t h e r e  w a s  n o  s i g n i f i c a n t  d i f f e r e n c e  f o u n d  i n  
t h e  m o r p h o l o g i c a l  p i c t u r e  o f  t h e  s p l e e n  f o r  t h e  a n i m a l s .  Only  on  
t h e  s e v e n t h  d a y  were  t h e r e  c e r t a i n  d i f f e r e n c e s  i n  t h e  b o n e  marrow;  
t h e y  c o n s i s t e d  i n  t h e  f a c t  t h a t  i n  t h o s e  a n i m a l s  s u b j e c t e d  t o  t h e  
c o m b i n e d  e f f e c t  of a c c e l e r a t i o n  a n d  y - r a y s ,  t h e  a c c u m u l a t i o n s  of 
e r y t h r o b l a s t s  i n  t h e  s t r o m a  h a d  a g r e a t e r  vo lume t h a n  i n  t h e  a n i m a l s  
w h i c h  r e c e i v e d  o n l y  y - i r r a d i a t i o n .  D u r i n g  t h e  r e m a i n i n g  p e r i o d s ,  
t h e  p i c t u r e  w a s  i d e n t i c a l  f o r  b o t h  t y p e s  o f  a n i m a l s .  

I n  t h e  a n i m a l s  w h i c h  u n d e r w e n t  a c c e l e r a t i o n  o n e  d a y  a f t e r  
y - i r r a d i a t i o n ,  t h e  symptoms o f  r a d i a t i o n  s i c k n e s s  a n d  t h e  p a t h o 
m o r p h o l o g i c a l  c h a n g e s  i n  t h e  h e m o p o i e t i c  o r g a n s  o f  t h e  mice  d u r i n g  
t h e  p r o t o n  i r r a d i a t i o n  i n  a d o s e  o f  8 3 0  r a d  ( a s  w e l l  a s  d u r i n g  
y - i r r a d i a t i o n  i n  a d o s e  o f  700  r )  h a d  t h e  same n a t u r e ,  a l t h o u g h  t h e  
d e g r e e  o f  damage v a r i e d  somewhat .  For t h e  p r o t o n  i r r a d i a t i o n ,  t h e  
d e s t r u c t i v e  c h a n g e s  i n  t h e  h e m o p o i e t i c  o r g a n s  w e r e  l e s s  p r o n o u n c e d ,  
r e c o v e r y  o c c u r r e d  more  r a p i d l y ,  a n d  t h e  s p l e e n  a n d  b o n e  marrow h a d  
a l m o s t  n o r m a l  s t r u c t u r e s  a r o u n d  t h e  3 0 t h  d a y .  A f t e r  t h e  y - i r r a d i a 
t i o n ,  t h e r e  w a s  n o  r e c o v e r y  o f  t h e  h e m o p o i e t i c  o r g a n s  by t h e  3 0 t h  
d a y .  Such d i f f e r e n c e s ,  d e s p i t e  t h e  l e v e l s  o f  t h e  d o s e s  f o r  t h e  
p r o t o n s  a n d  y - r a y s  b e i n g  v e r y  c l o s e  i n  v a l u e ,  c o u l d  b e  e x p l a i n e d  by 
t h e  f a c t  t h a t  t h e  r e l a t i v e  b i o l o g i c a l  e f f e c t i v i t y  o f  t h e  p r o t o n s ,  i n  
r e l a t i o n  t o  t h e  y - r a y s ,  i s  l e s s  t h a n  a u n i t  [l, 11, 1 2 ,  1 5 1 .  

The e f f e c t  o f  a s i n g l e  g e n e r a l  v i b r a t i o n  o f  7 0  Hz f o r  o n e  h o u r  
c a u s e d  a n  i m p o v e r i s h m e n t  o f  l y m p h o i d  e l e m e n t s  i n  t h e  f o l l i c l e s  o f  
t h e  s p l e e n  a n d  d e s t r u c t i o n  o f  a s m a l l  number  o f  h e m o p o i e t i c  c e l l s .  
The r e g u l a r  s t r u c t u r e  o f  t h e  s p l e e n  w a s  r e s t o r e d  a r o u n d  t h e  1 5 t h  
d a y .  On t h e  3 0 t h  a n d  6 0 t h  d a y s  a f t e r  t h e  v i b r a t i o n ,  t h e r e  w a s  a n  
i n t e n s i f i c a t i o n  o f  m y e l o p o i e s i s  i n  t h e  s p l e e n .  I n  t h e  b o n e  m a r r o w ,  
v e n o u s  s t a s i s  a p p e a r e d  d u r i n g  t h e  f i r s t  h o u r s  a f t e r  t h e  e f f e c t ;  
h e m o r r h a g e s  a l s o  a p p e a r e d ,  w h i c h  t h e n  d i s a p p e a r e d  by t h e  t h i r d  d a y .  
D u r i n g  a l l  t h e  f o l l o w i n g  p e r i o d s ,  t h e r e  w a s  a n  i n c r e a s e  i n  t h e  
number o f  n u c l e o s e g m e n t a l  g r a n u l o c y t e s  i n  t h e  s t r o m a  o f  t h e  b o n e  
m a r r o w ,  w h i c h  w a s  o b v i o u s l y  t h e  r e s u l t  o f  a n  a c c e l e r a t e d  m a t u r a t i o n  
o f  t h e  c e l l s  i n  t h e  m y e l o b l a s t  g r o u p .  The r e s u l t s  o b t a i n e d  c o n f i r m  
t h e  d a t a  i n  t h e  l i t e r a t u r e  c o n c e r n i n g  a c e r t a i n  s u p p r e s s i o n  o f  t h e  

/ 3 6 5  

l y m p h o p o i e s i s  i n  t h e  s p l e e n  w h i c h  o c c u r s  b y  t h e  e f f e c t  o f  v i b r a t i o n s ;  
t h e y  a l s o  a g r e e  w i t h  t h e  s t u d i e s  i n  w h i c h  l e u k o c y t o s i s  w a s  f o u n d  
w i t h  r e l a t i v e  l y m p h o p e n i a  i n  humans a n d  a n i m a l s  d u r i n g  t h e  e f f e c t  o f  
v i b r a t i o n  [ 2 ,  1 3 ,  141. 

I n  i s o l a t i n g  t h e  e f f e c t  of  a c c e l e r a t o i n s  o f  1 0  g ,  w e  ob 
s e r v e d  c e r t a i n  t r a n s i e n t  d e s t r u c t i v e  c h a n g e s  i n  t h e  s p l e e n  a n d  b o n e  
m a r r o w .  T h e s e  c h a n g e s  w e r e  l e s s  p r o n o u n c e d  t h a n  i n  t h e  ca se  o f  t h e  
v i b r a t i o n .  

The c o m b i n e d  e f f e c t  o f  i o n i z i n g  r a d i a t i o n  ( o f  p r o t o n s  or y - r a y s )  
a n d  t h e  s i n g l e  v i b r a t i o n  or a c c e l e r a t i o n s  somewhat  c h a n g e d  t h e  
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c o u r s e  o f  t h e  m o r p h o l o g i c a l  c h a n g e s  i n  t h e  s p l e e n  a n d  b o n e  marrow.  

T h u s ,  f o r  t h e  e f f e c t  of  a v i b r a t i o n  3 d a y s  a n d ,  i n  p a r t i c u l a r ,  
o n e  d a y  b e f o r e  t h e  i r r a d i a t i o n  o f  t h e  p r o t o n s ,  t h e  d e v a s t a t i o n  o f  
t h e  f o l l i c l e s  a n d  t h e i r  i m p o v e r i s h m e n t  o f  l y m p h o c y t e s  were  i n t e n s i 
f i e d ,  a n d  t h e  d e s t r u c t i o n  o f  m y e l o p o i e t i c  f o c i  i n  t h e  p u l p  was d e 
c r e a s e d .  The r e s t o r a t i o n  o f  t h e  f o l l i c l e s  a n d  t h e  f o c i  o f  m y e l o i d  
h e m o p o i e s i s  i n  t h e  s p l e e n  o c c u r e d  more r a p i d l y .  

The damage t o  t h e  b o n e  marrow i n  t h e  a n i m a l s  w h i c h  u n d e r w e n t  
t h e  p r e l i m i n a r y  e f f e c t  o f  v i b r a t i o n  w a s  t h e  same a s  f o r  t h e  a n i m a l s  
i r r a d i a t e d  w i t h  p r o t o n s ,  b u t  t h e  r e s t o r a t i o n  05 t h e  bone-marrow 
h e m o p o i e s i s  w a s  o b s e r v e d  d u r i n g  e a r l i e r  p e r i o d s ,  p a r t i c u l a r l y  i n  
t h e  ca se  o f  t h e  e f f e c t  o f  v i b r a t i o n  o n e  d a y  b e f o r e  i r r a d i a t i o n .  

For t h e  e f f e c t  o f  v i b r a t i o n  3 d a y s  a f t e r  p r o t o n  i r r a d i a t i o n ,  
w e  o b s e r v e d  a n  a c c e l e r a t i o n  o f  t h e  d e s t r u c t i o n  i n  t h e  l y m p h o i d  
t i s s u e  o f  t h e  s p l e e n ,  a n d  a l s o  f o u n d  a d e l a y  i n  t h e i r  r e c o v e r y .  The 
m y e l o p o e i s i s  i n  t h e  s p l e e n  w a s  r e c o v e r e d  e a r l i e r .  The damage t o  
t h e  b o n e  marrow w a s  a l s o  i n t e n s i f i e d ,  a n d  t h e  r e c o v e r y  o f  t h e  hemo
p o i e t i c  e l e m e n t s  i n  i t  o c c u r r e d  l e s s  i n t e n s e l y  t h a n  f o r  o n l y  o n e  
i r r a d i a t i o n  w i t h  p r o t o n s .  

The most  s e r i o u s  i n j u r i e s  t o  t h e  h e m o p o i e t i c  o r g a n s  were f o u n d  
f o r  t h e  e f f e c t  o f  v i b r a t i o n  5 d a y s  a f t e r  i r r a d i a t i o n .  I n  t h e  s p l e e n  
a n d  b o n e  marrow o f  t h e  a n i m a l s  w h i c h  were  i r r a d i a t e d  a f t e r  t h e  
v i b r a t i o n ,  w e  o b s e r v e d  a n  i n t e n s i f i c a t i o n  o f  t h e  d e v a s t a t i o n  i n  t h e  
s t r o m a  a n d  a n  a d d i t i o n a l  d e s t r u c t i o n  o f  t h e  h e m o p o i e t i c  e l e m e n t s .  
The r e c o v e r y  o f  t h e  c e l l u l a r  c o m p o s i t i o n  w a s  made more  c o m p l i c a t e d  
b y  t h e  a p p e a r a n c e  o f  l a r g e - s c a l e  f o c i  o f  n e c r o s i s  i n  t h e  s p l e e n  
a n d  b o n e  marrow.  

I n  t h o s e  ca ses  when t h e  a n i m a l s  w e r e  s u b j e c t e d  t o  a c c e l - / 3 6 6  
e r a t i o n s  o n e  d a y  b e f o r e  y - i r r a d i a t i o n ,  t h e  d e s t r u c t i o n  o f  lympho
c y t e s  i n  t h e  f o l l i c l e s  ( a n d  of m e g a k a r y o c y t e s  i n  t h e  p u l p  o f  t h e  
s p l e e n )  d e c r e a s e d ,  a n d  t h e r e  w a s  a c e r t a i n  a c c e l e r a t i o n  i n  t h e  r e 
c o v e r y  o f  t h e  s t r u c t u r e  o f  t h e  h e m o p o i e t i c  o r g a n s .  The e f f e c t  o f  
a n  a c c e l e r a t i o n  o n  t h e  f i r s t  d a y  a f t e r  t h e  i r r a d i a t i o n  d i d  n o t  
s u b s t a n t i a l l y  c h a n g e  t h e  r a d i a t i o n  damage t o  t h e  h e m o p o i e t i c  o r g a n s .  

I n  c o m p a r i n g  t h e  m o r p h o l o g i c a l  c h a n g e s  i n  t h e  h e m o p o i e t i c  
o r g a n s  d u r i n g  t h e  c o m p l e x  e f f e c t  o f  p r o t o n s  a n d  v i b r a t i o n s  w i t h  t h e  
c h a n g e s  i n  t h e  same o r g a n s  d u r i n g  t h e  c o m p l e x  e f f e c t  o f  y - r a y s  a n d  
a c c e l e r a t i o n s ,  w e  c o u l d  n e v e r  e x p l a i n  t h e  d i f f e r e n c e s  f o u n d  b y  
t h e  d i f f e r e n c e  i n  t h e  t y p e s  o f  i n c i d e n t  r a d i a t i o n ,  s i n c e  t h e  e f f e c t s  
o f  t h e  p r o t o n s  a n d  y - r a y s  d o  n o t  show a s i g n i f i c a n t  d i f f e r e n c e  i n  
t h e  q u a l i t a t i v e  r e l a t i o n s h i p .  The e x p l a n a t i o n  s h o u l d  b e  f o u n d  
p r i m a r i l y  i n  t h e  v a r y i n g  e f f e c t  o f  t h e  d y n a m i c  f a c t o r s  t h e m s e l v e s .  

I n  c o m p a r i n g  t h e  m o r p h o l o g i c a l  c h a n g e s  o c c u r r i n g  i n  t h e  s p l e e n  
a n d  b o n e  marrow a f t e r  t h e  e f f e c t  o f  v i b r a t i o n  a n d  a c c e l e r a t i o n ,  
c e r t a i n  q u a l i t a t i v e  d i f f e r e n c e s  a r e  made c l e a r .  T h u s ,  i n  t h e  ca se  
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of the vibration, we observed a more accelerated maturation of the 
granulocytes in the bone marrow, :.e. stimulation of the myeloblastic 
growth. At the same time, in the case of the effect of accel
eration, some animals showed signs of stimulation of the erythro
blastic growth. Under the influence of acceleration, hypoxia of 
the hemopoietic organs (as a stimulation of erythropoiesis) develops 
as a result of a disorder in the hemodynamics [6, 71. The vibration, 
which is associated with venous stasis and hemorrhages in the bone 
marrow (which are obviously also accompanied by hypoxia) also have 
a specific effect on the nuclei of the cells in the bone marrow. 
This effect is evidenced by the increase in the quantity of cells 
with chromosome changes [lo]. These differences in the mechanism 
of the effect of the dynamic factors on the hemopoietic organs can 
cause the difference in the reactions of the bone marrow and spleen 
of the irradiated animals to the effects of vibration and accel
e r  ation. 
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THE REACTIV ITY CONDITION OF AN ORGANESM DURING THE COMPLEX EFFECT 
OF SEVERAL SPACE-FLIGHT FACTORS' 

V . V .  A n t i p o v ,  B . I .  Davydov ,  E . F .  P a n c h e n k o v a ,  
P . P .  S a k s o n o v ,  a n d  G . A .  C h e r n o v  

ABSTRACT: The r e s u l t s  p r e s e n t e d  i n  t h e  a r t i c l e  
show t h a t  t h e  dynamic f a c t o r s  of a f l i g h t  sub
s t a n t i a l l y  change t h e  r e a c t i o n  of an organism 
t o  t h e  e f f e c t  of i o n i z i n g  r a d i a t i o n .  I n  t h i s  
c a s e ,  t h e  d i r e c t i o n a l i t y  and magnitude of t h e  
changes depend on t h e  n a t u r e  and f o r c e  of t h e  
s t i m u l u s ,  t h e  t i m e ,  and t h e  sequence  for t h e  
e f f e c t  of t h e  f a c t o r s ,  t h e  t y p e  of o b j e c t ,  e t c .  
The o p i n i o n  i s  g i v e n  t h a t  t h e s e  f a c t s  shou ld  be 
c o n s i d e r e d  i n  e s t a b z i s h i n g  t h e  maximum-tolerabZe 
d o s e s  of r a d i a t i o n  f o r  t h e  crew members of t h e  
c r a f t ,  and i n  d e v e l o p i n g  methods and means of 
c o u n t e r r a d i a t i o n  p r o t e c t i o n  f o r  t h e  b i o Z o g i c a 1
o b j e c t s  which  a r e  invoZved  i n  t h e  ecoZogica1  
comp Zex. 

One o f  t h e  p r o b l e m s  i n  s p a c e  b i o l o g y  a n d  m e d i c i n e  w h i c h  r e q u i r e  / 3 6 7  
c o m p r e h e n s i v e  e x p e r i m e n t a l  s t u d i e s  i s  t h e  p r o b l e m  o f  t h e  e f f e c t  on 
a n  o r g a n i s m  of i o n i z i n g  r a d i a t i o n  i n  c o m b i n a t i o n  w i t h  t h e  d y n a m i c  
f a c t o r s  o f  f l i g h t .  W e  know f r o m  t h e  l i t e r a t u r e  t h a t  s u c h  dynamic  
f a c t o r s  a s  a c c e l e r a t i o n  a n d  v i b r a t i o n  c a n  c h a n g e  t h e  r e a c t i v i t y  o f  
a n  o r g a n i s m  v e r y  s u b s t a n t i a l l y ,  l e a d i n g  t o  a c h a n g e  i n  i t s  r e a c t i o n  
t o  t h e  e f f e c t  o f  p h a r m a c o l o g i c a l  p r e p a r a t i o n s  [l, 2 1 ,  p h y s i c a l  
s t r e s s  [ 3 ] ,  a n d  i o n i z i n g  r a d i a t i o n  [ 4 - 6 1 .  

The p u r p o s e  o f  t h i s  a r t i c l e  i s  t o  e x a m i n e  t h e  e x p e r i m e n t a l  
r e s u l t s ,  f o r  r a d i a t i o n ,  o f  t h e  e f f e c t  o f  v i b r a t i o n  or a c c e l e r a t i o n  
on t h e  c o u r s e  a n d  t h e  e n d  r e s u l t  o f  r a d i a t i o n  s i c k n e s s  ( t h e  r e a c t i o n  
t o  i t )  i n  a n i m a l s .  We a l s o  a t t e m p t e d  t o  d e t e r m i n e  t h e  p o s s i b l e  
p a t h w a y s  a n d  m e c h a n i s m s  f o r  a c h a n g e  i n  a n  o r g a n i s m ' s  r a d i a t i o n  
r e s i s t a n c e  when i t  i s  a f f e c t e d  by d y n a m i c  f l i g h t  f a c t o r s .  

Under  a c t u a l  f l i g h t  c o n d i t i o n s ,  t h e  d y n a m i c  f a c t o r s  c a n  a c t  
on. a n  o r g a n i s m  e i t h e r  b e f o r e  or a f t e r  t h e  p o s s i b l e  e f f e c t  o f  i o n i z i n g  
r a d i a t i o n .  I n  r e l a t i o n  t o  t h i s ,  w e  e x a m i n e d  t h e  e f f e c t  on  a n i m a l s  
o f  d y n a m i c  f a c t o r s  a n d  r a d i a t i o n  i n  v a r i o u s  c o m b i n a t i o n s :  t h e  /368 
i r r a d i a t i o n  e i t h e r  p r e c e d e d  t h e  a c c e l e r a t i o n  or v i b r a t i o n ,  or i t  
w a s  i m p o s e d  a f t e r  t h e  e f f e c t  o f  t h e s e  f a c t o r s .  

- - . - .  - - - _  

' A r t i c l e  p r e s e n t e d  a t  t h e  XVIth I n t e r n a t i o n a l  A s t r o n a u t i c a l  C o n g r e s s ,  
A t h e n s ,  S e p t e m b e r ,  1 9 6 5 .  
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The v a l u e s  f o r  t h e  d o s e s  of p e n e t r a t i o n  r a d i a t i o n ,  t h e  p a r a m e 
t e r s  o f  t h e  v i b r a t i o n a l  e f f e c t  a n d  a c c e l e r a t i o n ,  a n d  t h e  t i m e s  b e 
t w e e n  t h e  e f f e c t  o f  t h e  d y n a m i c  f a c t o r s  a n d  t h e  i o n i z i n g  r a d i a t i o n  
w e r e  d e t e r m i n e d ,  on  t h e  o n e  h a n d ,  by o u r  d e s i r e  t o  make t h e  l a b o r a 
t o r y  e x p e r i m e n t  v e r y  c l o s e  t o  t h e  c o n d i t i o n s  o f  a s p a c e  f l i g h t ,  a n d ,  
on  t h e  o t h e r  h a n d ,  by t h e  t y p e  o f  b i o l o g i c a l  o b j e c t  a n d  t h e  p o s 
s i b i l i t i e s  o f  t h e  m e t h o d .  

The e x p e r i m e n t s  w e r e  p e r f o r m e d  on 1 4 0 0  male m i c e  o f  n o  p a r t i c u 
l a r  s t r a i n ,  3 6 0  m i c e  o f  t h e  SVA s t r a i n ,  1 2 0  r a t s ,  a n d  20 d o g s .  

The e x a m i n a t i o n s  were  c o n d u c t e d  w i t h  v a r i o u s  t y p e s  o f  r a d i a t i o n  
( y - r a y s ,  X - r a y s ,  a n d  h i g h - e n e r g y  p r o t o n s ) .  

The a n i m a l s  w e r e  i r r a d i a t e d  w i t h  Co60 ( " K h i z o t r o n "  a p p a r a t u s )  
o r  on a RUM-11 X-ray  a p p a r a t u s  i n  d o s e s  o f  4 0 0 - 9 0 0  r .  The c o n d i t i o n s  
f o r  i r r a d i a t i o n  w i t h  t h e  RUM-11 w e r e  t h e  f o l l o w i n g :  1 8 0  kV, 1 0  m A ,  
A 1  - 1 . 0  m m ,  Cu - 0 . 5  m m .  The d o s e  r a t e  f o r  t h e  X - a n d  y - r a d i a t i o n  
w a s  1 3 - 1 5  r l ' m i n .  Some o f  t h e  a n i m a l s  w e r e  i r r a d i a t e d  w i t h  p r o t o n s  
i n  a d o s e  o f  1 3 0 0  r a d .  The i r r a d i a t i o n  w a s  a c c o m p l i s h e d  i n  a p u l s e d  
beam o f  t h e  OIYaI s y n c h r o c y c l o t r o n  a t  Dubna ,  a t  a c u r r e n t  d e n s i t y  
o f  1 0 8 - 1 0 9  p r o t o n s  p e r  1 c m 2 * s e c - l .  The e n e r g y  o f  t h e  p r o t o n s  w a s  
660 MeV. 

T h i r t y  m i n u t e s ,  4 h o u r s ,  a n d  1 d a y  b e f o r e  (or a f t e r )  t h e  i r 
r a d i a t i o n ,  t h e  a n i m a l s  were  s u b j e c t e d  t o  t h e  e f f e c t  o f  a n  a c c e l e r a 
t i o n  (or v i b r a t i o n ) .  The a c c e l e r a t i o n  w a s  p r o d u c e d  i n  a c e n t r i f u g e  
w i t h  a r a d i u s  o f  4 . 2 5  m ,  a n d  t h e  v i b r a t i o n  w a s  c r e a t e d  on a s p e c i a l  
l a b o r a t o r y  v i b r a t i o n - s t a n d .  The p a r a m e t e r s  f o r  t h e  a c c e l e r a t i o n  
w e r e  8 - 1 0  g f o r  15 -30  m i n ,  a n d  t h o s e  f o r  t h e  v i b r a t i o n  w e r e  7 0  or 
7 0 0  Hz f o r  6 0  m i n ;  t h e  v a l u e s  f o r  t h e  a m p l i t u d e  w e r e  0 . 5  a n d  0 . 0 0 5  
m m ,  r e s p e c t i v e l y .  

The i n j u r i o u s  e f f e c t  of  t h e  c o m p l e x  of  f l i g h t  f a c t o r s  ( v i b r a 
t i o n ,  a c c e l e r a t i o n ,  i o n i z i n g  r a d i a t i o n )  w a s  e v a l u a t e d  w i t h  t h e  a i d  
o f  c l i n i c a l - h e m a t o l o g i c a l ,  p h y s i o l o g i c a l ,  b i o c h e m i c a l ,  m o r p h o l o g i c a l ,  
a n d  c y t o g e n e t i c  m e t h o d s .  

T H E  E F F E C T  O F  A C C E L E R A T I O N  A N D  IONIZING RADIATION^ 

The e x p e r i m e n t s  w e r e  p e r f o r m e d  on m i c e ,  r a t s ,  a n d  d o g s .  The 
e f f e c t  o f  t h e  a c c e l e r a t i o n  on r a d i a t i o n  damage i n  t h e  a n i m a l s  w a s  
d e t e r m i n e d  a c c o r d i n g  t o  t h e  c h a n g e  i n  t h e  f a t a l i t y  r a t e ,  t h e  a v e r a g e  
l i f e s p a n ,  t h e  w e i g h t  o f  t h e  a n i m a l s  d u r i n g  a 3 0 - d a y  o b s e r v a t i o n ,  
t h e  c h a n g e  i n  t h e  w e i g h t  o f  t h e  thymus  a n d  s p l e e n ,  a n d  c e r t a i n  hema
t o l o g i c a l  ( q u a n t i t y  o f  l e u k o c y t e s ,  e r y t h r o c y t e s ,  h e m o g l o b i n )  a n d  
m o r p h o l o g i c a l  c h a r a c t e r i s t i c s .  

-.. -. . __ 
' T h e s e  d a t a  were  o b t a i n e d  w i t h  t h e  c o o p e r a t i o n  o f  N . I .  Konnova .  
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T A B L E  1. SURVIVAL R A T E  A N D  A V E R A G E  LIFESPAN FOR M I C E ,  SHOWING THE /369 
EFFECT OF A N  A C C E L E R A T I O N  ( 8 - 1 0 g ,  20-30 m i n )  OR V I B R A T I O N  ( 7 0  Hz, 

60 m i n )  BEFORE I R R A D I A T I O N .  

G r o u p s  / N o .  o f  I N o .  04 S u r v i v a l  A v e r a g e  
A n i m a l s  Survivorq R a t e ,  % D u r a t i o n ,  d a y s  

400 r 30 23 78  * 7 . 8  11.7 f 2.3 
A c c e l e r a t i o n  + 400 r 30 26 87 k 6.2 12.7 f 4.5 

( I n t e r v a l  o f  4 h o u r 4  
700 r 20 6 30 k10.2 22.0 f 1.9 
A c c e l e r a t i o n  t 700  r 20 9 45 kll.4 1 5 . 4  f 1 . 3  

( I n t e r v a l  of 30m i n )  
700  r 
A c c e l e r a t i o n  + 7 0 0 r  

30 
30 

7 
12 

23 f 7 . 8  
40 f 8.9 I 23.3 1.6 

11.1 * 1 . 5  
I n t e r v a l  of 4 hours) 

750 r 1 7 3  21 12 f 2 . 4  8 . 7  f 1.1 
A c c e l e r a t i o n  + 750  r 20 7 35 f10.6 6.4 f 0 . 8  

( I n t e r v a l  of 4 hours) 
A c c e l e r a t i o n  t 750  r 1 1 7  2 5  7 . 5  * 0 . 4  

( I n t e r v a l  o f  1 d a y )  
900  r 
A c c e l e r a t i o n  t 900 r 

20 
20 

0 
1 

1 0 . 2  2 0 . 4  
9 . 5  * 0.6 

( I n t e r v a l  o f  4 hours) 
A c c e l e r a t i o n  + 900 r 20 1 1 5 . 4  k 1 . 4  

( I n t e r v a l  o f  1 d a y )  
1 3 0 0  r a d  ( P r o t o n s )  30 0 1 5 . 4  f 0.6 
A c c e l e r a t i o n s  t 1300 rad 30  0 1 5 . 5  f 1.0 

( I n t e r v a l  o f  1 d a y )  
375 r 5 8  5 4  23.3 f 2.5 
V i b r a t i o n  + 375 r 2 0  1 3  2 4 . 8  f 0.6 

( I n t e r v a l  o f  30 m i n )  
V i b r a t i o n  t 375 r 20 20 30 

( I n t e r v a l  of 4 hours) 
V i b r a t i o n  t 375 r 20 1 7  2 7 . 5  f 0.2 

( I n t e r v a l  o f  1 d a y )  
V i b r a t i o n  t 750 r 40 1 0  12.0 f 1.2 

( I n t e r v a l  of  4 hours) 
V i b r a t i o n  + 750  r 100 19 9.1 f 0.4 

( I n t e r v a l  o f  1 d a y )  
900 r 1 9  2 1 4 . 7  1 . 7  
V i b r a t i o n  + 900 r 1 0  0 9 . 5  f 0.3 

( I n t e r v a l  of 2 hour s) 
V i b r a t i o n  t 900 r 10 0 5 . 8  f 0 . 8  

( I n t e r v a l  o f  1 d a y )  
1300 r a d  ( P r o t o n s )  30 0 15.4 f 0.6 
V i b r a t i o n  t 1 3 0 0  r a d  

( I n t e r v a l  of 1 d a y )  I 30 2 19.3 f 1.2 
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The e x p e r i m e n t s  c o n d u c t e d  showed t h a t  t h e  p r e l i m i n a r y  e f f e c t  
of a n  a c c e l e r a t i o n  30 min or 24 h o u r s  b e f o r e  t h e  i r r a d i a t i o n  i n  
d o s e s  o f  700-750 r d e c r e a s e d  t h e  f a t a l i t y  r a t e  f r o m  t h e  i o n i z i n g  
r a d i a t i o n ,  on t h e  a v e r a g e ,  by 1 5 - 2 3 %  i n  c o m p a r i s o n  w i t h  t h e  c o n t r o l s  
( t h e  a n i m a l s  w h i c h  w e r e  o n l y  i r r a d i a t e d )  ( T a b l e  1, F i g .  1). I n  
t h i s  c a s e ,  w e  s h o u l d  n o t e  t h a t  we d i d  n o t  o b s e r v e  i . n t e n s i f i c a t i o n  
o f  t h e  r a d i a t i o n  e f f e c t  i n  a n y  e x p e r i m e n t s  o f  t h i s  s e r i e s .  

A t  h i g h e r  d o s e s  o f  y - a n d  X - r a y s  ( 9 0 0  r )  a n d  p r o t o n  r a d i a t i o n  / 3 7 0  
( 1 3 0 0  r a d )  , t h e  " p r o t e c t i v e "  e f f e c t  o f  t h e  a c c e l e r a t i o n s  d i d  n o t  
a p p e a r .  

C e n t r i f u g i n g  t h e  a n i m a l s  a f t e r  i r r a d i a t i o n  a l s o  s l i g h t l y  i n 
c r e a s e d  ( b y  8 - 1 2 % )  t h e  s u r v i v a l  r a t e  o f  t h e  e x p e r i m e n t a l  a n i m a l s ,  
i n  c o m p a r i s o n  w i t h  t h e  c o n t r o l s  ( T a b l e  2 ) .  

I n  t h e  e x p e r i m e n t a l  a n d  c o n t r o l  g r o u p s ,  t h e  g r e a t e s t  f a t a l i t y  
r a t e  f o r  t h e  a n i m a l s  w a s  d u r i n g  t h e  p e r i o d  f r o m  t h e  3 r d  t o  t h e  1 2 t h  
d a y  a f t e r  t h e  i r r a d i a t i o n .  A f t e r  t h e  1 3 t h  d a y ,  i n  t h e  g r o u p  w h i c h  
w a s  s u b j e c t e d  t o  t h e  combined  e f f e c t  o f  a c c e l e r a t i o n  a n d  i r r a d i a 
t i o n ,  t h e  a n i m a l s  s t o p p e d  d y i n g ,  w h i l e  i n  t h e  g r o u p  o f  a n i m a l s  
w h i c h  h a d  m e r e l y  b e e n  i r r a d i a t e d ,  i t  c o n t i n u e d  up t o  t h e  2 4 t h  d a y .  

The a v e r a g e  l i f e s p a n  o f  t h e  a n i m a l s  w h i c h  f i n a l l y  d i e d  a f t e r  
t h e  combined  e f f e c t  o f  a c c e l e r a t i o n  a n d  i r r a d i a t i o n  i n  d o s e s  o f  400 

IUU 
90 

300 & SdO d o  ~ hi gbo g i n -
D o s e ,  r 

F i g .  1. D o s e - E f f e c t  C u r v e  
( F a t a l i t y  R a t e ) .  (1) I r r a d i a 
t i o n ;  ( 2 )  A c c e l e r a t i o n  + I r r a 
d i a t i o n ;  ( 3 )  I r r a d i a t i o n  t 
A c c e l e r a t i o n ;  ( 4 )  I r r a d i a t i o n  + 
V i b r a t i o n ;  ( 5 )  V i b r a t i o n  + I r r a d 

i a t i o n .  
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a n d  9 0 0  r w a s  t h e  same as  f o r  
t h e  c o n t r o l s ,  w h i l e  it was 
30-50% l o w e r  t h a n  f o r  t h e  
mice w h i c h  w e r e  m e r e l y  i r r a d 
i a t e d  ( c o n t r o l s )  a t  d o s e s  o f  
700-750 r .  The a v e r a g e  w e i g h t  
o f  t h e  e x p e r i m e n t a l  m i c e  
d i f f e r e d  l i t t l e  f r o m  t h e  
w e i g h t  o f  t h e  c o n t r o l s ;  t h e r e  
w a s  o n l y  a s l i g h t  d e c r e a s e  
f r o m  t h e  3 r d  t o  7 t h  d a y s  a f t e r  
i r r a d i a t i o n .  

I n  t h e  e x p e r i m e n t s  on 
t h e  m i c e  o f  t h e  S V A  s t r a i n ,  
w e  e x a m i n e d  t h e  c h a n g e  i n  t h e  
w e i g h t  of t h e  thymus  a n d  s p l e e n ,  
a s  w e l l  as t h e  q u a n t i t y  o f  
l e u k o c y t e s ,  e r y t h r o c y t e s ,  a n d  
h e m o g l o b i n  i n  t h e  b l o o d .  The 
i r r a d i a t i o n  w a s  g i v e n  i n  a 
d o s e  of 4 0 0  r ,  a n d  t h e  a c c e l e r 
a t i o n  w a s  1 0  g f o r  30 m i n .  
The a n i m a l s  w e r e  p l a c e d  i n  
t h e  c e n t r i f u g e  b e f o r e  a n d  
a f t e r  t h e  i r r a d i a t i o n .  The 
i n t e r v a l  b e t w e e n  t h e  e f f e c t s  



w a s  2 4  h o u r s .  

We c a n  s ee  f r o m  t h e  m a t e r i a l s  p r e s e n t e d  i n  T a b l e  3 t h a t  i n  t h e  
a n i m a l s  wh ich  were s u b j e c t e d  t o  c e n t r i f u g i n g  b e f o r e  i r r a d i a t i o n ,  
t h e  number o f  l e u k o c y t e s  w a s  somewhat  h i g h e r  t h a n  i n  t h e  a n i m a l s  
wh ich  u n d e r w e n t  i r r a d i a t i o n  a l o n e .  I n  t h e  g r o u p  o f  m i c e  w h i c h  were  
p l a c e d  i n  t h e  c e n t r i f u g e  a f t e r  i r r a d i a t i o n ,  t h e  number of l e u k o c y t e s  
w a s  somewhat  h i g h e r  t h a n  i n  t h e  c o n t r o l s  ( T a b l e  3 ) .  The c e n t r i f u g i n s  
d i d  n o t  g r e a t l y  a f f e c t  t h e  d y n a m i c s  o f  t h e  c h a n g e s  i n  t h e  q u a n t i t y  
o f  e r y t h r o c y t e s  and  t h e  p e r c e n t a g e  of  h e m o g l o b i n  f o r  t h e  i r r a d i a t e d  
a n i m a l s .  The d i f f e r e n c e s  b e t w e e n  t h e  e x p e r i m e n t a l s  a n d  t h e  c o n t r o l s  

T A B L E  2 .  SURVIVAL R A T E  A N D  A V E R A G E  LIFESPAN OF I R R A D I A T E D  M I C E ,  / 3 7 1  
W I T H  THE SUBSEQUENT E F F E C T  OF V I B R A T I O N  ( 7 0  Hz, 6 0  m i n )  A N D  ACCELER--

A T I O N  ( 1 0  g ,  3 0  m i n )  

Number o f  
Group -A l m a l s  ; u r v i v a l  R a t e ,  9 A v e r a g e  D u r a t i o q  

~ d a y s  
IBXL tr?&xYs 

3 7 5  r 5 8  5 4  8 9 . 9  * 3 . 9  2 3 . 0  * 2 . 5  
3 7 5  r + V i b r a t i o n  2 0  1 8  9 0  f 6 . 7  2 3 . 0  f 8 . 4  

( I n t e r v a l  o f  4 h o u r 3  
3 7 5  r + V i b r a t i o n  2 0  1 6  8 0  * 8 . 9  2 9 . 2  2 0 . 3  

( I n t e r v a l  o f  1 d a y )  

.. . 

7 5 0  r + V i b r a t i o n  1 9  9 4 8  f 1 1 . 5  8 . 3  * 1 . 2  
( I n t e r v a l  o f  4 h o u r s )  

7 5 0  r + V i b r a t i o n  1 1 3  1 6  1 5  f 3 . 3  8 . 8  * 0 . 4  
( I n t e r v a l  o f  1 d a y )  

9 0 0  r 1 9  2 1 1 . 6  * 7 . 3  1 4 . 7  f 1 . 7  
9 0 0  r + V i b r a t i o n  1 0  0 0 7 . 6  f 0 . 4  

( I n t e r v a l  o f  4 hours :  
9 0 0  r + V i b r a t i o n  10 2 2 0  f 1 2 . 6  8 . 2  f 1 . 3  

7 5 0  r 1 7  3 2 1  1 2  * 2 . 4  ' 8 . 7  f 1.1 

( I n t e r v a l  o f  1 d a y )  
7 5 0  r + A c c e l e r a t i o n  2 0  6 3 0  f 1 0 . 2  7 . 7  f 1 . 6  

( I n t e r v a l  o f  4 h o u r s )  
7 5 0  r + A c c e l e r a t i o n  7 4  1 5  2 0  * 4 . 6  6 . 0  f 0 . 4  

( I n t e r v a l  o f  1 d a y )  

f o r  t h e s e  c h a r a c t e r i s t i c s  w e r e  s t a t i s t i c a l l y  u n r e l i a b l e .  

I t  i s  w e l l  known t h a t  i r r a d i a t i o n  c a u s e s  a d e c r e a s e  i n  t h e  
w e i g h t  o f  t h e  s p l e e n  a n d  t h e  t h y m u s .  I n  o u r  e x p e r i m e n t s  on t h e  
m i c e  o f  t h e  SVA s t r a i n ,  t h e  w e i g h t  o f  t h e  thymus  d e c r e a s e d  by 5 0 
8 0 %  on t h e  3 r d  t o  7 t h  d a y s  a f t e r  i r r a d i a t i o n ,  a n d  t h a t  o f  t h e  s p l e e n  
d e c r e a s e d  by 6 0 - 8 0 % .  On t h e  1 5 t h  d a y  a f t e r  i r r a d i a t i o n ,  t h e  w e i g h t  
o f  t h e  thymus  a n d  s p l e e n  w a s  e i t h e r  n e a r  t h e  norm or w a s  h i g h e r  
t h a n  i n  t h e  c o n t r o l s .  A c c e l e r a t i o n  b e f o r e  or a f t e r  i r r a d i a t i o n  
d i d  n o t  a f f e c t  t h e  r a d i a t i o n - i n d u c e d  c h a n g e s  i n  t h e  w e i g h t  o f  t h e  
thymus  a n d  s p l e e n  ( T a b l e s  4 a n d  5 ) .  However ,  it i s  i n t e r e s t i n g  t o  

40 5 



' B e f o r e  I m d i a t i o n  1 A f t e r  I r r a d i a t i o n  
c 3: 

Group T h e  Mt E B c t ,  d a y s  l'I!ime Aft l irdiaticn,  days 

_ _ - - 3 15 
-I 

-i I I 1 5 '  

I n t a c t  A n i m a l s  
I r r a d i a t i o n  
A c c e l e r a t i o n  

8,81 f 4 7 0  6,65fl,20 1c88+1,70 10.04fO.98 10,04f<?5 ll,Yf28 
0,72f0,24 0.64f0.14 2,12*0,3 2.21f0.80 2.54fOfiO 5.65f0.93 
8,62f0.94 7.45d0.56 5.04+0,28 13Jf0.70 17.0f3.75 1Qf3.w 

13.27 f1*317,24 f0.33 11.02 f 1.33 10.28fO.88 1i.OOk lJ3S957f 1.29 
V i b r a t i o n  
A c c e l e  a t  ion  + 1pp a d  a t  ion  1,17*0,53 ~.60*080 3.Os*Q,42 4.56fOa65 O&kO.30 6,80f1,70 
V i b r a t i o n  + I r r a d i a t i o n  0.56 f 4110.66& 0,12 3.95 f 1,73 1,06&0,41 0.33 fO.M* 4&5 f6,50.*. 

T A B L E  4 .  W E I G H T  OF T H E  T H Y M U S  A N D  SPLEEN ( i n  m g )  W I T H  T H E  E F F E C T  
OF V I B R A T I O N  ( 7 0  H z ,  6 0  m i n )  A N D  A C C E L E R A T I O N  ( 1 0  g ,  30 min).BEFORE 

X - R A Y  I R R A D I A T I O N  I N  A DOSE OF 400 r .  -~ / 3 7 2
t 

G r o u p s  -.
1 Q I 7 

47.5f2.5 93,7..f 1% 85.1*3,6 828f2.2I n t a c t  A n i m a l s  38*9*38 92&t5.1 86.7f1.7 87.9f4.8V i b r a t i o n  36.5~kZ3 91,4&%1 75.1*3,2 84.63~3.6 
A c c e l e r a t i o n  36.4f 1.5 26.5 f 1.7 335+ 1.8 1449f 16.2 
I r r a d i a t i o n  
V i b r a t i o n  + I r r a d i a t i o n  31.3f 1.8 31.9f1.2 32.6f3.5 189.0f20.4 

A c c e l e r a t i o n  + I r r a d i a t i o n  33.0 f 2.2 37.2*6.9 32,2-+4,1 112.1f14.63-
SE 

A v e r a g e  V a l u e  _+ S t a n d a r d  E r r o r  

n o t e  t h e  d i f f e r e n c e s  i n  t h e  v a r i a t i o n  c o e f f i c i e n t s  f o r  t h e  a n i m a l s ,  
f o r  t h e  e f f e c t  o f  a c c e l e r a t i o n  b e f o r e  i r r a d i a t i o n ,  a n d  f o r  i r r a d i a 
t i o n  a l o n e  ( F i g .  2 ) .  The v a r i a t i o n  c o e f f i c i e n t  f o r  t h e  combined  
e f f e c t  was h i g h e r  t h a n  �or t h e  i r r a d i a t i o n  a l o n e .  F o r  e x a m p l e ,  on 
t h e  t h i r d  d a y  a f t e r  t h e  a c c e l e r a t i o n ,  t h e  v a r i a t i o n  c o e f f i c i e n t  f o r  
t h e  w e i g h t  o f  t h e  t h y m u s  w a s  4 5 . 0 % ,  w h i l e  t h a t  f o r  t h e  s p l e e n  w a s  
8 5 . 5 % ;  t h e s e  v a l u e s  w e r e  2 1 . 8 %  a n d  1 9 . 3 % ,  r e s p e c t i v e l y ,  f o r  i r r a d 
i a t i o n  a l o n e .  
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e f f e c t  r a d i a t i o n ,  

T A B L E  5 .  WEIGHT OF THE T H Y M U S  A N D  SPLEEN ( i n  mg) FOR THE EFFECT OF / 3 7 3  
V I B R A T I O N  ( 7 0 0  Hz,  6 0  m i n )  A N D  A C C E L E R A T I O N  (10 g ,  30 m i n )  AFTER 

X - R A Y  I R R A D I A T I O N  I N  A DOSE OF 4 0 0  r .  
1I Thymus,  mg ~. S p l e e n ,  mg 

Group t 

I n t a c t  A n i m a l s  48.9 f3.1 2 41.6f3.82 37.4k1.69 7i.7k 2.69 89.4f 14.57 11$0f7,56 
I r r a d i a t i o n  I 20,s *$07 32.0&2,27 26,4&2,62 35.9f5.19 42,1*%98 I56.0*2&il 

I r r a d i a t i o n  a n d  V i b r a t i o n  
I r r a d i a t i o n  a n d  

15,i*i31 32.354.52 33.1 f1.66 318*4,62 35.1f2.93 1147f1&68 

A c c e l e r a t i o n  i895f3*88 33.0*2,35 226~k3.36 34,i f4.09 40.0f6.86 14Q0&-26,04 
.. __ 

The r e s u l t s  o f  t h e  m o r p h o l o g i c a l  e x a m i n a t i o n  o f  t h e  s p l e e n  a n d  
b o n e  marrow o f  t h e  m i c e  w h i c h  were  s u b j e c t e d  t o  t h e  c o m p l e x  e f f e c t  
o f  t h e  a c c e l e r a t i o n  (10 g ,  30 m i n )  a n d  t h e  i r r a d i a t i o n  i n  a d o s e  o f  
7 0 0  r a r e  v e r y  i n t e r e ~ t i n g . ~  

T h u s ,  on t h e  f i r s t  t o  t h i r d  d a y s  a f t e r  t h e  e f f e c t  o f  t h e s e  
f a c t o r s  ( t h e  a c c e l e r a t i o n  w a s  i m p o s e d  o n e  d a y  b e f o r e  t h e  i r r a d i a 
t i o n ) ,  w e  f o u n d  a g r e a t e r  p e r c e n t a g e  o f  l y m p h o c y t e s  ( i n  c o m p a r i s o n  
w i t h  t h e  c o n t r o l s )  i n  t h e  f o l l i c l e s  o f  t h e  s p l e e n  i n  t h e  e x p e r i 
m e n t a l  a n i m a l s ,  a n d  s i n g l e  f i g u r e s  o f  m i t o s i s  w e r e  r e c o r d e d .  On 
t h e  7 t h  d a y ,  w e  a l s o  f o u n d  m e g a k a r y o c y t e s  i n  t h e  p u l p  o f  t h e  s p l e e n  

o f  t h e s e  a n i m a l s .  I n  t h e  s p l e e n  

y z  	
o f  t h e  c o n t r o l  m i c e ,  t h e  damage 
w a s  l e s s  p r o n o u n c e d ;  by  t h e  t h i r d  
d a y ,  t h e  m i t o t i c a l l y  d i v i d i n g  
c e l l s  h a d  d i s a p p e a r e d  c o m p l e t e l y ,  
a n d  t h e r e  w e r e  n o  m e g a k a r y o c y t e s  
on  t h e  7 t h  d a y .  All t h i s  i n d i 
c a t e s  t h a t ,  f o r  t h e  combined":=\-\t h e r ei o n i z i n go f  a c c e l e r a t i o n  and  w a s  a 

20 
s l o w e r  d e s t r u c t i o n  o f  t h e  lympho-1:
Il l  c y t e s  i n  t h e  f o l l i c l e s  t h a n  i n  
t h e  c a s e  o f  i r r a d i a t i o n  a l o n e .  

3 7 1 5 ' 3  7 15 
Days A f t e r  I r r a d i a t i o n  On t h e  b a s i s  o f  e x a m i n a t i o n s  

o f  t h e  b o n e  m a r r o w ,  w e  c a n  c o n -
F i g .  2 .  V a r i a t i o n  C o e f f i c i e n t  c l u d e  t h a t  t h e  p r e l i m i n a r y  e f 
( v ,  % )  f o r  t h e  Weigh t  o f  t h e  f e c t  o f  a n  a c c e l e r a t i o n  (1 d a y  
S p l e e n  ( I )  a n d  Thymus ( 1 1 )  b e f o r e  i r r a d i a t i o n )  d i d  n o t  
A f t e r  I r r a d i a t i o n .  (1) i r r a d - g r e a t l y  c h a n g e  t h e  d e s t r u c t i o n  
i a t i o n ;  ( 2 )  A c c e l e r a t i o n  + p r o c e s s e s  o c c u r r i n g  i n  t h e  b o n e  
I r r a d i a t i o n .  marrow a f t e r  i r r a d i a t i o n  a l o n e .  

2 T h e s e  s t u d i e s  were  c o n d u c t e d  by  t h e  a u t h o r s  i n  c o n j u n c t i o n  w i t h  
N . A .  Gaydamakin  a n d  V . G .  P e t r u k h i n  C6I. 
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I n  r e g a r d  t o  t h e  e f f e c t  o f  a c c e l e r a t i o n  a f t e r  i r r a d i a t i o n ,  t h e  
d i f f e r e n c e s  i n  t h e  s t r u c t u r e  o f  t h e  s p l e e n  ( i n  c o m p a r i s o n  w i t h  t h e  
c o n t r o l s )  w e r e  u n i m p o r t a n t  d u r i n g  a l l  t h e  o b s e r v a t i o n  p e r i o d s .  
T h e r e  w e r e  a l s o  n o  s u b s t a n t i a l  c h a n g e s  d e t e c t e d  i n  t h e  m o r p h o l o g i c a l  
p i c t u r e  o f  t h e  b o n e  m a r r o w ,  e i t h e r  d u r i n g  t h e  p e r i o d  o f  d e s t r u c t i o n  
o f  t h e  h e m o p o i e t i c  t i s s u e ,  or d u r i n g  t h e  r e c o v e r y  p e r i o d .  

I n  t h e  e x p e r i m e n t s  on  r a t s ,  we e x a m i n e d  t h e  e f f e c t  o f  s i n g l e  
a n d  r e p e a t e d  a c c e l e r a t i o n s  combined  w i t h  a y - i r r a d i a t i o n  i n  a d o s e  
o f  6 0 0  r. The a n i m a l s  were p l a c e d  i n  t h e  c e n t r i f u g e  o n e  d a y  b e f o r e  / 3 7 4  
t h e  i r r a d i a t i o n .  W e  e x a m i n e d  t h e  p e r i p h e r a l  b l o o d  f o r  i t s  c o n t e n t  
o f  l e u k o c y t e s  i n  1 0  r a t s  o f  e a c h  g r o u p  ( T a b l e  6 ) .  

T A B L E  6 .  C H A N G E  I N  T H E  N U M B E R  OF LEUKOCYTES ( i n  t h o u s a n d s )  FOR R A T S ,  
F O R  T H E  C O M B I N E D  E F F E C T  OF y - I R R A D I A T I O N ,  V I B R A T I O N  ( 7 0  Hz, 6 0  m i n ) ,  

O R  A C C E L E R A T I O N  (10 g ,  3 0  m i n ) .  
J. 

Group 
O r i g i n  Time a f t e r  t h e  E f f e c t ,  d a y s  

D a t a l  - 1  I 3 1 7 I 1 5  

.~ 

18.1 f1.8C o n t r o l  

6 5 0  r 

V i b r a t i o n  + 6 5 0  r 

6 0 0  r 

A c c e l e r a t i o n  + 6 0 0  r 


-1. 

Ten A n i m a l s  i n  Each  Group 
~ 

16.4fl. 4 16.2f4.1 17.8&2,1 
17.5f1.8 10.8f3.33 3.751.8 17,6j=4,3 
18,1j=2,01 7.if1.36 1.3f0.36 13,8f2,1 
f0,7f1,1 4 W J .6 4.lrtO.8 I6,7&1,8 
10.3fl.5 4 .7 f0 .7  4.9f2.0 14.2f2,O 

The r e s u l t s  showed t h a t  t h e r e  were n o  s t a t i s t i c a l l y  r e l i a b l e  
d i f f e r e n c e s  o b t a i n e d  i n  t h e  s u r v i v a l  r a t e  a n d  t h e  a v e r a g e  l i f e s p a n  
o f  t h e  a n i m a l s ,  a l t h o u g h  t h e  s u r v i v a l  r a t e  w a s  somewhat  l o w e r  f o r  
t h e  combined  e f f e c t  t h a n  f o r  t h e  i r r a d i a t i o n  a l o n e ;  t h e  a v e r a g e  
l i f e s p a n ,  on t h e  o t h e r  h a n d ,  w a s  somewhat  l o n g e r .  The d e c r e a s e  i n  
t h e  number o f  l e u k o c y t e s  a p p e a r e d  e v e n  on t h e  f i r s t  d a y ;  t h i s  a p 
p e a r e d  t o  t h e  g r e a t e s t  d e g r e e  f o r  t h e  g r o u p  i n  w h i c h  t h e  a n i m a l s  
u n d e r w e n t  t h e  s t r e s s  i n  t h e  c e n t r i f u g e  b e f o r e  i r r a d i a t i o n .  The 
r e c o v e r y  o f  t h e  number  o f  l e u k o c y t e s  w a s  somewhat  d e l a y e d  f o r  t h e  
a n i m a l s  o f  t h i s  g r o u p  ( T a b l e  6 ) .  

I n  t h e  e x p e r i m e n t s  on  d o g s ,  t h e  c o m p l e x  e f f e c t  o f  t h e  a c c e l e r a 
t i o n  ( 8  g ,  3 m i n )  a n d  i r r a d i a t i o n  ( 1 0 0  r) w a s  e v a l u a t e d  w i t h  t h e  
a i d  o f  c e r t a i n  h e m a t o l o g i c a l  t e s t s ,  a s  w e l l  a s  by t h e  c h a n g e s  i n  
t h e  p e r c e n t a g e  o f  s e r o t o n i n  a n d  t h e  a c t i v i t y  o f  t h e  c e r u l o p l a s m i n .  
The i n t e r v a l  b e t w e e n  t h e  e f f e c t s  i n  t h e s e  e x p e r i m e n t s  w a s  e q u a l  t o  
2 h o u r s ,  o r  one  d a y .  

F i g u r e  3 shows  t h e  a v e r a g e  d a t a  f o r  t h e  c h a n g e s  i n  t h e  number 
o f  l e u k o c y t e s ,  e x p r e s s e d  a s  a p e r c e n t a g e  o f  t h e  o r i g i n a l  v a l u e .  A s  
we c a n  s e e ,  f o r  t h e  a n i m a l s  wh ich  u n d e r w e n t  t h e  combined  e f f e c t  o f  
a c c e l e r a t i o n  a n d  i r r a d i a t i o n ,  t h e  l e u k o p e n i a  was more i n t e n s e  t h a n  
f o r  t h e  d o g s  w h i c h  w e r e  o n l y  i r r a d i a t e d .  The l o w e s t  l e v e l  f o r  t h e  
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number  o f  l e u k o c y t e s  w a s  f o u n d  i n  t h e  g r o u p  w h e r e  t h e  i n t e r v a l  
b e t w e e n  t h e  e f f e c t s  l a s t e d  2 h o u r s .  The r e c o v e r y  of t h e  q u a n t i t y  
o f  l e u k o c y t e s  for t h e  d o g s  i n  t h e  e x p e r i m e n t a l  g r o u p s  o c c u r r e d  more 
s l o w l y  t h a n  i n  t h e  c o n t r o l s .  T h u s ,  for t h e  c o n t r o l  a n i m a l s ,  t h e  
p e r c e n t a g e  o f  l e u k o c y t e s  r e a c h e d  t h e  o r i g i n a l  l e v e l  a r o u n d  t h e  1 5 t h  
d a y ,  w h i l e  i t  r e a c h e d  t h a t  l e v e l  o n l y  a r o u n d  t h e  3 0 t h  t o  3 7 t h  d a y s  
for t h e  d o g s  o f  t h e  e x p e r i m e n t a l  g r o u p s .  We s h o u l d  e m p h a s i z e  t h e  
f a c t  t h a t  t h e r e  w a s  a d e f i n i t e  c o r r e l a t i o n  b e t w e e n  t h e  h e m a t o l o g i c a l / 3 7 5  
c h a n g e s  a n d  t h e  c h a n g e s  i n  t h e  p e r c e n t a g e s  o f  s e r o t o n i n  a n d  c e r u l o 
p l a s m i n  f o r  t h e  c o m b i n e d  e f f e c t  o f  a c c e l e r a t i o n  a n d  i r r a d i a t i o n .  

The r e s u l t s  o f  t h e s e  s t u d i e s  w e r e  g i v e n  i n  g r e a t  d e t a i l  i n  a n  
a r t i c l e  p r e s e n t e d  a t  t h e  XVth C o n g r e s s  o f  t h e  IAF [ 8 ] ,  a n d  w i l l  n o t  
b e  r e p e a t e d  i n  t h i s  a r t i c l e .  

T h u s ,  a n  a n a l y s i s  o f  t h e  e x p e r i m e n t a l  m a t e r i a l s  o b t a i n e d  shows 
t h a t  t h e  e f f e c t  o f  a n  a c c e l e r a t i o n  d e c r e a s e s  t h e  r a d i a t i o n  dama.ge 
i n  m i c e ,  w h i l e  i t  i n t e n s i f i e s  c e r t a i n  r a d i a t i o n  e f f e c t s  i n  r a t s  
a n d  d o g s .  The m o d i f i c a t i o n  o f  t h e  r a d i a t i o n  e f f e c t  i n  t h e  e x p e r i 
m e n t s  e x a m i n e d  a b o v e  i s  p r o b a b l y  l i n k e d  w i t h  t h e  c h a n g e  i n  t h e  
o r g a n i s m ' s  r e a c t i v i t y  t o  t h i s  f a c t o r  when i t  i s  a f f e c t e d  by a n  
a c c e l e r a t i o n ;  t h e  e f f e c t  d e p e n d e d  t o  a g r e a t  d e g r e e  on t h e  t y p e  o f  
a n i m a l .  

o\o -4 

F-l 
0 L... I 

I1 3 7 IO 15 ;o -;5 571 1 1 I 

Days A f t e r  I r r a d i a t i o n  

F i g .  3 .  P e r c e n t a g e  o f  L e u k o c y t e s  i n  t h e  B lood  o f  Dogs d u r i n g  t h e  
Combined E f f e c t  o f  A c c e l e r a t i o n  ( 8  g ,  3 m i n )  a n d  y - R a d i a t i o n  (100 r). 
(1) C o n t r o l ,  f o r  I r r a d i a t i o n  A l o n e ;  ( 2 )  A c c e l e r a t i o n ,  2 Hours  B e f o r e  

I r r a d i a t i o n ;  ( 3 )  A c c e l e r a t i o n ,  1 Day B e f o r e  I r r a d i a t i o n .  

T H E  E F F E C T  OF V I B R A T I O N  A N D  I O N I Z I N G  R A D I A T I O N 3  

The e x p e r i m e n t s  w e r e  c o n d u c t e d  on m i c e ,  r a t s ,  a n d  d o g s .  I n  
o r d e r  t o  e v a l u a t e  t h e  e f f e c t  o f  v i b r a t i o n  on t h e  r a d i a t i o n  damage ,  
we u s e d  t h e  same t e s t s  a s  i n  t h e  p r e c e d i n g  s e r i e s  o f  e x p e r i m e n t s .  

The e x p e r i m e n t s  showed t h a t  p r e l i m i n a r y  v i b r a t i o n  o f  t h e  m i c e ,  
4 h o u r s  a n d  1 d a y  b e f o r e  t h e  i r r a d i a t i o n  i n  d o s e s  o f  375-750 r 

- .. - -. .

3The d a t a  were o b t a i n e d  i n  c o o p e r a t i o n  w i t h  T .S .  L ' v o v a .  
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( X - r a y s ,  y - r a y s )  a n d  1 3 0 0  r a d  ( p r o t o n s )  d e c r e a s e d  t h e  f a t a l i t y  r a t e  
by  10-20%, a n d  i n c r e a s e d  t h e  a v e r a g e  l i f e s p a n  o f  t h e  a n i m a l s  w h i c h  
e v e n t u a l l y  d i e d  by  10-40%, i n  c o m p a r i s o n  w i t h  t h e  c o n t r o l s  ( t h e  
a n i m a l s  w h i c h  w e r e  o n l y  i r r a d i a t e d )  ( T a b l e  1, F i g .  1). I n  t h i s  
c a s e ,  we d i d  n o t  o b s e r v e  a n y  d i f f e r e n c e s  b e t w e e n  t h e  w e i g h t  o f  t h e  
e x p e r i m e n t a l  a n d  c o n t r o l  mice.  

An i n c r e a s e  i n  t h e  r a d i a t i o n  d o s e  l e d  t o  a c h a n g e  i n  t h e  e f - /376
f e c t  o f  t h e  v i b r a t i o n .  T h u s ,  f o r  t h e  combined  e f f e c t  o f  v i b r a t i o n  
a n d  i r r a d i a t i o n  i n  a d o s e  o f  900 r, t h e  a v e r a g e  l i f e s p a n  f o r  t h e  
a n i m a l s  w h i c h  e v e n t u a l l y  d i e d  w a s  l e s s  t h a n  f o r  t h o s e  s u b j e c t e d  t o  
i r r a d i a t i o n  a l o n e .  

The v i b r a t i o n  i m p o s e d  4 h o u r s  a n d  1 d a y  a f t e r  X-ray  i r r a d i a t i o n  
i n  a d o s e  o f  750 r d e c r e a s e d  t h e  f a t a l i t y  r a t e  by 6 - 3 9 % ,  a n d  i t  
d i d  n o t  c h a n g e  t h e  a v e r a g e  l i f e s p a n  o f  t h e  a n i m a l s  i n  c o m p a r i s o n  
w i t h  t h e  c o n t r o l s  ( T a b l e  2 ) .  F o r  i r r a d i a t i o n  i n  d o s e s  o f  375 a n d  
9 0 0  r, t h e  v i b r a t i o n  d i d  n o t  a f f e c t  t h e  d y n a m i c s  o f  t h e  r a d i a t i o n  
damage .  However ,  t h e  a v e r a g e  l i f e s p a n  f o r  t h e  combined  e f f e c t  o f  
v i b r a t i o n  a n d  i r r a d i a t i o n  i n  a d o s e  of  900 r w a s  l e s s  ( i n  r e l a t i o n  
t o  s t a t i s t i c a l  r e l i a b i l i t y ;  d < 0 . 0 0 1 )  t h a n  f o r  t h e  i r r a d i a t i o n  
a l o n e .  

I n  t h e  m i c e  o f  t h e  S V A  s t r a i n ,  we e x a m i n e d  t h e  d y n a m i c s  f o r  
t h e  w e i g h t  o f  t h e  s p l e e n  a n d  t h y m u s ,  a n d  a l s o  d e t e r m i n e d  t h e  q u a n 
t i t y  o f  l e u k o c y t e s ,  e r y t h r o c y t e s ,  a n d  h e m o g l o b i n .  The i r r a d i a t i o n  
w a s  i m p o s e d  i n  a d o s e  o f  4 0 0  r ( y - r a y s ) ;  t h e  a n i m a l s  w e r e  s u b j e c t e d  
t o  t h e  v i b r a t i o n  o n c e ,  b e f o r e  or a f t e r  t h e  i r r a d i a t i o n .  The v i b r a 
t i o n  f r e q u e n c y  w a s  700 Hz, t h e  t i m e  f o r  t h e  e f f e c t  w a s  60 m i n ,  a n d  
t h e  i n t e r v a l  b e t w e e n  t h e  v i b r a t i o n  a n d  t h e  i r r a d i a t i o n  was one  d a y .  
The r e s u l t s  o f  t h i s  e x p e r i m e n t  a r e  g i v e n  i n  T a b l e s  3 t o  5 .  A s  w e  
c a n  s e e  f r o m  t h e  d a t a  p r e s e n t e d ,  t h e  q u a n t i t y  o f  l e u k o c y t e s  w a s  
l e s s  f o r  t h e  combined  e f f e c t  of t h e  v i b r a t i o n  a n d  i r r a d i a t i o n  t h a n  
f o r  t h e  i r r a d i a t i o n  a l o n e .  On t h e  s e v e n t h  d a y  a f t e r  t h e  i r r a d i a t i o n ,  
t h e s e  d i f f e r e n c e s  w e r e  s t a t i s t i c a l l y  r e l i a b l e  ( d  < 0 . 0 5 )  i n  t h e  
g r o u p  where  t h e  a n i m a l s  u n d e r w e n t  v i b r a t i o n  a f t e r  i r r a d i a t i o n .  

The v i b r a t i o n  h a d  no  s u b s t a n t i a l  e f f e c t  on t h e  r a d i a t i o n - p r o 
d u c e d  c h a n g e s  i n  t h e  q u a n t i t y  o f  e r y t h r o c y t e s  a n d  t h e  p e r c e n t a g e  o f  
h e m o g l o b i n .  

The v i b r a t i o n  e f f e c t  b e f o r e  t h e  i r r a d i a t i o n ,  or a f t e r  i t ,  d i d  
n o t  a f f e c t  t h e  r a d i a t i o n - p r o d u c e d  c h a n g e s  i n  t h e  w e i g h t  o f  t h e  
thymus  a n d  s p l e e n .  

L e t  u s  e x a m i n e  b r i e f l y  t h e  r e s u l t s  o f  t h e  m o r p h o l o g i c a l  e x a m i n a 
t i o n s  o f  t h e  s p l e e n  a n d  t h e  b o n e  marrow i n  t h e  m i c e  w h i c h  were  s u b 
j e c t e d  t o  t h e  c o m p l e x  e f f e c t  of v i b r a t i o n  a n d  h i g h - e n e r g y  p r o t o n s  
C 6 l .  

The e f f e c t  on t h e  a n i m a l s  o f  v i b r a t i o n  w h i c h  w a s  i m p o s e d  one  
d a y  b e f o r e  t h e  p r o t o n  i r r a d i a t i o n  ( d o s e  of 820-860 r a d )  r e s u l t e d  
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i n  t h e  p r e s e r v a t i o n  o f  a r a t h e r  l a r g e  q u a n t i t y  o f  c e l l s  w i t h  m y e l o i d  
h e m o p o i e s i s  i n  t h e  s p l e e n  a n d  bone  mar row,  i n  c o m p a r i s o n  w i t h  t h e  
h e m o p o i e t i c  o r g a n s  o f  t h e  c o n t r o l  a n i m a l s .  A t  t h e  same t i m e ,  t h e  
p r e l i m i n a r y  e f f e c t  o f  v i b r a t i o n  b e f o r e  i r r a d i a t i o n  i n t e n s i f i e d  t h e  
d i s i n t e g r a t i o n  o f  m a t u r e  c e l l s  of  l y m p h o i d  t y p e  i n  t h e  f o l l i c l e s  
a n d  p u l p  o f  t h e  s p l e e n .  Wi th  a combined  e f f e c t  o f  v i b r a t i o n  and  
r a d i a t i o n ,  t h e  e r y t h r o b l a s t s  i n  t h e  bone  marrow w e r e  p r e s e r v e d  i n  
r a t h e r  g r e a t e r  n u m b e r s ,  a n d  t h e i r  r e s t o r a t i o n  o c c u r r e d  more r a p i d l y  
a f t e r  t h e  i r r a d i a t i o n  t h a n  f o r  i r r a d i a t i o n  a l o n e .  

I n  t h e  e x p e r i m e n t s  on  t h e  r a t s ,  w e  e x a m i n e d  t h e  e f f e c t  o f  a 
v i b r a t i o n  ( s i n g l e  a n d  r e p e a t e d  f o u r  t i m e s )  o f  7 0  H z  f o r  6 0  m i n ,  i n  
c o m b i n a t i o n  w i t h  y - i r r a d i a t i o n  i n  a d o s e  o f  6 5 0  r .  The a n i m a l s  
u n d e r w e n t  t h e  v i b r a t i o n s  o n e  d a y  b e f o r e  t h e  i r r a d i a t i o n .  I n  o r d e r  
t o  c a l c u l a t e  t h e  number o f  l e u k o c y t e s ,  w e  e x a m i n e d  t h e  p e r i p h e r a l  
b l o o d  o f  1 0  r a t s  i n  e a c h  g r o u p  ( T a b l e  6 ) .  

A s  t h e  e x p e r i m e n t s  s h o w e d ,  t h e  p r e l i m i n a r y  e f f e c t  o f  a s i n g l e  
v i b r a t i o n  and  a v i b r a t i o n  r e p e a t e d  f o u r  t i m e s  b e f o r e  i r r a d i a t i o n ,  
i n c r e a s e d  t h e  f a t a l i t y  r a t e  a l t h o u g h  t h e  v i b r a t i o n  r e p e a t e d  f o u r  / 3 7 7  
t i m e s  somewhat  i n c r e a s e d  t h e  a v e r a g e  l i f e s p a n  for t h e  a n i m a l s  wh ich  
e v e n t u a l l y  d i e d .  The q u a n t i t y  of  l e u k o c y t e s  i n  t h e  e x p e r i m e n t a l  
g r o u p s  w a s  s m a l l e r  t h a n  i n  t h e  c o n t r o l s .  Around t h e  1 5 t h  d a y ,  t h e  
q u a n t i t y  o f  l e u k o c y t e s  r e a c h e d  t h e  o r i g i n a l  l e v e l  for t h e  c o n t r o l  
g r o u p ,  w h i l e  t h i s  w a s  n o t  n o t e d  i n  t h e  e x p e r i m e n t a l  g r o u p .  The 
d e c r e a s e  i n  w e i g h t  w a s  t h e  same f o r  t h e  combined  e f f e c t  a s  f o r  t h e  
i r r a d i a t i o n  a l o n e .  

I n  t h e  e x p e r i m e n t s  on d o g s ,  we e x a m i n e d  t h e  h e m a t o l o g i c a l  
c h a n g e s ,  t h e  s e r o t o n i n  c o n t e n t ,  and  t h e  a c t i v i t y  o f  t h e  c e r u l o p l a s 
m i n ,  �or t h e  e f f e c t  o f  v i b r a t i o n  ( 7 0  Hz,  6 0  m i n )  b e f o r e  y - i r r a d i a t i o n  
i n  a d o s e  of  1 0 0  r .  The i n t e r v a l  b e t w e e n  t h e  v i b r a t i o n  and  t h e  
i r r a d i a t i o n  w a s  2 h o u r s  or 1 d a y .  

With t h e  e f f e c t  o f  v i b r a t i o n  b e f o r e  i r r a d i a t i o n ,  t h e  q u a n t i t y  
o f  l e u k o c y t e s  w a s  g r e a t e r  t h a n  i n  	t h e  c o n t r o l s  w i t h  i r r a d i a t i o n  

a l o n e .  T h i s  i n t e n s i f i c a t i o n  w a s  
n o t e d  m o s t  c l e a r l y  d u r i n g  t h e
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t h e  v i b r a t i o n  a n d  i r r a d i a t i o n ,  a n d  f o r  t h e  i r r a d i a t i o n  a l o n e ,  w h i c h  
a g r e e s  t o  a c o n s i d e r a b l e  e x t e n t  w i t h  t h e  h i s t o l o g i c a l  c h a n g e s  [lo]. 

A s  we c a n  s e e  f r o m  t h e  a b o v e - m e n t i o n e d  e x p e r i m e n t s  on  m i c e  a n d  
d o g s ,  t h e  r a d i a t i o n  p a t h o l o g y  f o r  t h e  combined  e f f e c t  o f  v i b r a t i o n  
a n d  i r r a d i a t i o n  w a s  l e s s  p r o n o u n c e d  t h a n  f o r  t h e  i r r a d i a t i o n  a l o n e .  
T h i s  " p r o t e c t i v e "  e f f e c t  was e x p r e s s e d  i n  t h e  d e c r e a s e  o f  t h e  
f a t a l i t y  r a t e ,  t h e  i n c r e a s e  o f  t h e  a v e r a g e  l i f e s p a n  f o r  t h e  a n i m a l s  
w h i c h  e v e n t u a l l ' y  d i e d  ( t h e  e x p e r i m e n t s  on  m i c e ) ,  a n d  t h e  r e d u c e d  
d e c r e a s e  i n  t h e  q u a n t i t y  o f  l e u k o c y t e s  ( t h e  e x p e r i m e n t s  on d o g s ) .  / 3 7 8  
The r e s u l t s  o b t a i n e d  f o r  t h e  m i c e  a n d  d o g s  d o  n o t  c o i n c i d e  w i t h  t h e  
d a t a  o b t a i n e d  f o r  r a t s .  I n  t h e  l a t t e r ,  t h e r e  w e r e  more p r o n o u n c e d  
r a d i o b i o l o g i c a l  e f f e c t s  f o r  t h e  combined  a c t i o n  o f  v i b r a t i o n  a n d  
i r r a d i a t i o n .  T h e r e f o r e ,  v i b r a t i o n ,  a s  w e l l  a s  a c c e l e r a t i o n ,  c h a n g e s  
t h e  r e a c t i v i t y  o f  a n  o r g a n i s m  t o  t h e  r a d i a t i o n  f a c t o r  i n  v a r i o u s  
w a y s ,  d e p e n d i n g  on t h e  t y p e  o f  a n i m a l .  
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I n  t h e  combined  e f f e c t  o f  t h e  d y n a m i c  f l i g h t  f a c t o r s  a n d  
r a d i a t i o n ,  t h e  l a t t e r  i s  t h e  d o m i n a n t  f a c t o r  i n  t h e  i n j u r i o u s  e f 
f e c t  on a n  o r g a n i s m ;  we t h e r e f o r e  s e l e c t e d  t e s t s  w h i c h  c h a r a c t e r i z e d  
t h e  e f f e c t  o f  i o n i z i n g  r a d i a t i o n :  s u r v i v a l  r a t e ,  a v e r a g e  l i f e s p a n ,  
d y n a m i c s  f o r  t h e  body  w e i g h t  a n d  t h e  w e i g h t s  o f  t h e  s p l e e n  a n d  
t h y m u s ,  h e m a t o l o g i c a l  c h a r a c t e r i s t i c s ,  a n d  m o r p h o l o g i c a l  c h a n g e s  i n  
t h e  s p l e e n  a n d  b o n e  mar row.  

We a t t e m p t e d  t o  sum up t h e  r e s u l t s  o f  t h e  e x p e r i m e n t s  c o n 
d u c t e d ,  a s  w e l l  a s  t h e  d a t a  i n  t h e  l i t e r a t u r e ,  i n  t h e  f o r m  o f  a l t e r 
n a t e  i n d i c e s  ( F i g .  5 ) .  Hav ing  a n a l y z e d  t h e  r e s u l t s  p r e s e n t e d  i n  
t h i s  f i g u r e ,  we s h o u l d  p o i n t  o u t  t h e  f o l l o w i n g  c i r c u m s t a n c e :  w i t h  
t h e  e f f e c t  o f  a c c e l e r a t i o n  or v i b r a t i o n  b e f o r e  i r r a d i a t i o n ,  t h e r e  
w a s  a w e a k e n i n g ' o f  t h e  r a d i a t i o n  e f f e c t  i n  1 0  o u t  o f  1 7  a n d  11 o u t  
o f  1 7  i n d i c e s ,  r e s p e c t i v e l y .  

I t  i s  v e r y  d i f f i c u l t  a t  t h e  p r e s e n t  t i m e  t o  g i v e  a n  e x h a u s t i v e  
e x p l a n a t i o n  f o r  t h e  m o d i f y i n g  e f f e c t  o f  v i b r a t i o n  a n d  a c c e l e r a t i o n  
on t h e  r a d i a t i o n  e f f e c t s  i n  v a r i o u s  t y p e s  o f  b i o l o g i c a l  o b j e c t s .  
I n  t h e  a n i m a l s ,  w e  s i i g g e s t  t h e  f o l l o w i n g  mechan i sm f o r  t h e  r e d u c t i o n  
o f  r a d i a t i o n  i n j u r i e s  by t h e  p r e l i m i n a r y  e f f e c t  o f  v i b r a t i o n  a n d  
a c c e l e r a t i o n .  

A c c e l e i e a t i o n ,  i n  a d d i t i o n  t o  o t h e r  e f f e c t s ,  u l t i m a t e l y  c a u s e s  
h y p o x i a  o f  t h e  t i s s u e s  i n  v a r i o u s  o r g a n s  i n c l u d i n g  t h e  h y p o t h a l a m i c  
r e g i o n ,  w h i c h  r e g u l a t e s  t h e  e n d o c r i n e  g l a n d s .  I t  was a l s o  f o u n d  
t h a t  a c c e l e r a t i o n s  r e s u l t  i n  a n  i n c r e a s e  o f  t h e  h i s t a m i n a s e ,  
a d r e n a l i n ,  a n d  n o r a d r e n a l i n  i n  t h e  b l o o d  c 8 ,  1 3 ,  1 4 ,  IS]. V i b r a t i o n  
a f f e c t s  a l l  t h e  t i s s u e s  a n d  c e l l s  o f  a n  o r g a n i s m  a n d  c a n  l e a d  t o  
a c t i v a t i o n  o f  t h e  e n d o c r i n e  g l a n d s .  T h e s e  c h a n g e s  i n  a n  o r g a n i s m  
c a n  b e  one  o f  t h e  c a u s e s  f o r  t h e  i n c r e a s e  i n  t h e  o r g a n i s m ' s  r e s i s t 
a n c e  t o  i o n i z i n g  r a d i a t i o n  a f t e r  t h e  e f f e c t  o f  t h e  dynamic  f l i g h t  
f a c t o r s .  I t  i s  w e l l  known,  f o r  e x a m p l e ,  t h a t  t h e  i n t e n s i f i c a t i o n  
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o f  t h e  f u n c t i o n a l  a c t i v i t y  i n  t h e  a d r e n a l  c o r t e x  b e f o r e  i r r a d i a t i o n ,  
c a u s e d  by a d m i n i s t e r i n g  s a l i c y l a t e s ,  a n  a d r e n o c o r t i c o t r o p i c  h o r m o n e ,  
or d e s o x y c o r t i c o s t e r o n e  a c e t a t e ,  i n c r e a s e s  t h e  r e s i s t a n c e  o f  t h e  
a n i m a l s  t o  g e n e r a l  i r r a d i a t i o n  C151. 

The d a t a  o b t a i n e d  i n  a c y t o g e n e t i c  a n d  m o r p h o l o g i c a l  e x a m i n a t i o n  
of t h e  h e m o p o i e t i c  o r g a n s  o f  m i c e  w h i c h  were  s u b j e c t e d  t o  t h e  e f - /379 
f e c t  o f  t h e  d y n a m i c  f a c t o r s  C4, 6 ,  11, 1 2 1  a r e  a l s o  of d e f i n i t e  
i n t e r e s t  f o r  a n  e x p l a n a t i o n  o f  t h e  m o d i f y i n g  e f f e c t  o f  v i b r a t i o n  
a n d  a c c e l e r a t i o n  on  t h e  r a d i a t i o n  r e a c t i o n .  I t  w a s  c l e a r l y  shown 
i n  t h e s e  s t u d i e s  t h a t  b o t h  v i b r a t i o n  a n d  a c c e l e r a t i o n  p r o d u c e  ( f o r  
e x a m p l e )  a d e c r e a s e  i n  t h e  m i t o t i c  a c t i v i t y  o f  t h e  c e l l s  i n  t h e  b o n e  
marrow a n d  s p l e e n ,  a n d  c a u s e  f o r m a t i o n  o f  chromosome a d h e s i o n s ,  w h i c h  
i s  a d m i t t e d l y  dn a d v a n t a g e o u s  e f f e c t  f o r  t h e  c o u r s e  a n d  e n d  r e s u l t  
o f  r a d i a t i o n  damage .  
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F i g .  5 .  C h a n g e s  i n  I n d i v i d u a l  I n d i c e s  f o r  t h e  Combined E f f e c t  o f  
A c c e l e r a t i o n ,  V i b r a t i o n ,  a n d  I r r a d i a t i o n .  ( I )  A c c e l e r a t i o n  i I r r a d 
i a t i o n ;  ( 1 1 )  I r r a d i a t i o n  + A c c e l e r a t i o n ;  ( 1 1 1 )  V i b r a t i o n  + I r r a d i a 
t i o n ;  ( I V )  I r r a d i a t i o n  + V i b r a t i o n ;  ( 1 )  E .  c o l i  ( P h a g e  P r o d u c + . i o n ) ;  
( 2 )  T r a d e s c a n t i a  P a l u d o s a  (Chromosome R e a r r a n g e m e n t s ) ;  ( 3 )  D r o s o p h i l a  
M e l a n o g a s t e r  ( F r e q u e n c y  o f  A p p e a r a n c e  o f  C r o s s e s ) ;  Mice :  ( 4 )  F a t a l i t y  
R a t e ;  (5) A v e r a g e  L i f e s p a n ;  ( 6 )  Body W e i g h t ;  ( 7 )  Weigh t  cf t h e  
S p l e e n ;  ( 8 )  Weight  o f  t h e  Thymus;  ( 9 )  Number o f  L e u k o c y t e s ;  ( 1 0 )  
M o r p h o l o g i c a l  P i c t u r e  o f  t h e  Bone Marrow; (11) M o r p h o l o g i c a l  P i c t u r e  
o f  t h e  S p l e e n ;  ( 1 2 )  Chromosome R e a r r a n g e m e n t s  i n  t h e  C e l l s  o f  t h e  
Bone Marrow; ( 1 3 )  Chromosome A d h e s i o n s  i n  t h e  C e l l s  o f  t h e  Bone 
Marrow; ( 1 4 )  F a t a l i t y  R a t e  ( R a t s ) ;  ( 1 5 )  A v e r a g e  L i f e s p a n  ( R a t s ) ;  
( 1 6 )  Body Weigh t  ( R a t s ) ;  (17) Q u a n t i t y  o f  L e u k o c y t e s  ( D o g s ) ;  (18) 
M o r p h o l o g i c a l  P i c t u r e  o f  t h e  O r g a n s  ( M i c e ) ;  ( 1 9 )  Q u a n t i t y  o f  Leuko
c y t e s  ( D o g s ) ;  ( + )  I n t e n s i f i c a t i o n  a n d  Weakening  o f  t h e  R a d i a t i o n  

E f f e c t .  
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B e c a u s e  o f  a l a c k  o f  e x p e r i m e n t a l  d a t a ,  a n  e x p l a n a t i o n  o f  t h e  
mechanism f o r  t h e  i n t e n s i f i c a t i o n  of t h e  r a d i a t i o n  damages  by t h e  
e f f e c t  o f  t h e  d y n a m i c  f a c t o r s  is. e v e n  more  d i f f i c u l t .  I t  i s  v e r y  
o b v i o u s  t h a t  t h i s  a s p e c t  o f  t h e  p r o b l e m ,  c o n c e r n i n g  t h e  c o m p l e x  e f 
f e c t  o f  i o n i z i n g  r a d i a t i o n  a n d  o t h e r  f l i g h t  f a c t o r s  on  a n  o r g a n i s m ,  /380 
a w a i t s  a n  e x p e r i m e n t a l  s o l u t i o n .  

O b v i o u s l y ,  t h e  m e c h a n i s m s  f o r  t h e  m o d i f y i n g  e f f e c t  o f  v i b r a t i o n  
a n d  a c c e l e r a t i o n  o n  r a d i a t i o n  damage i n  a n i m a l s  a r e  v a r i e d .  T h i s  
i s  i n d i c a t e d ,  f o r  e x a m p l e ,  by  t h e  d a t a  on  t h e  c h a n g e  i n  t h e  s e r o t o n h  
c o n t e n t  a n d  t h e  a c t i v i t y  o f  t h e  c e r u l o p l a s m i n  i n  t h e  b l o o d ,  f o r  a 
combined  e f f e c t  o f  a c c e l e r a t i o n  w i t h  i r r a d i a t i o n ,  a n d  v i b r a t i o n  
w i t h  i r r a d i a t i o n .  I n  t h e  f i r s t  c a s e ,  b o t h  t h e  s e r o t o n i n  c o n t e n t  
a n d  t h e  a c t i v i t y  o f  t h e  c e r u l o p l a s m i n  c h a n g e ;  i n  t h e  s e c o n d ,  o n l y  
t h e  a c t i v i t y  o f  t h e  c e r u l o p l a s m i n  c h a n g e s .  The r e s u l t s  o b t a i n e d  
f r o m  a n  e x a m i n a t i o n  o f  a n i m a l s '  r e s i s t a n c e  t o  p h y s i c a l  s t r e s s  a f t e r  
t h e  e f f e c t  o f  a n  a c c e l e r a t i o n  or v i b r a t i o n  a l s o  i n d i c a t e  t h a t  t h e s e  
f a c t o r s  c a u s e  v a r i o u s  c h a n g e s  i n  t h e  r e a c t i v i t y  o f  a n  o r g a n i s m .  

T h e r e f o r e ,  a n  a n a l y s i s  o f  t h e  m a t e r i a l s  o b t a i n e d  shows t h a t  
t h e  dynamic  f l i g h t  f a c t o r s  s u b s t a n t i a l l y  c h a n g e  t h e  r e a c t i o n  o f  a n  
o r g a n i s m  t o  t h e  e f f e c t  o f  i o n i z i n g  r a d i a t i o n .  The d i r e c t i o n a l i t y  
a n d  m a g n i t u d e  o f  t h e  c h a n g e s  d e p e n d  on t h e  n a t u r e  a n d  f o r c e  o f  t h e  
s t i m u l u s ,  t h e  t i m e ,  a n d  t h e  s e q u e n c e  o f  t h e  e f f e c t  o f  t h e  f a c t o r s ,  
t h e  t y p e  o f  s u b j e c t ,  e t c .  O b v i o u s l y ,  t h e s e  f a c t s  mus t  b e  c o n s i d e r e d  
i n  f i n d i n g  s o l u t i o n s  t o  a number  of p r o b l e m s  r e l a t e d  t o  t h e  p r a c t i c e  
o f  s p a c e  f l i g h t s :  f o r  e x a m p l e ,  i n  e s t a b l i s h i n g  t h e  maximum-permis
s i b l e  l e v e l s  o f  r a d i a t i o n  f o r  t h e  c r e w  members  o f  t h e  c r a f t ,  a s  w e l l  
as  i n  d e v e l o p i n g  m e t h o d s  a n d  means f o r  c o u n t e r r a d i a t i o n  d e v i c e s  f o r  
v a r i o u s  b i o l o g i c a l  s u b j e c t s  w h i c h  a r e  i n c l u d e d  i n  t h e  c o m p l e x  o f  t h e  
e c o l o g i c a l  s y s t e m .  
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RELATIVE BIOLOGICAL EFFECTIVENESS AND PICTURE OF RADIATION DAMAGE 
UNDER THE INFLUENCE OF IONIZING RADIATIONS WITH VARIOUS VALUES 

FOR LINEAR LOSSES OF ENERGY 
V . V .  A n t i p o v ,  A . G .  K o n o p l y a n n i k o v ,  Yu.B. K u d r y a s h o v ,  

B . N .  T a r u s o v  

ABSTRACT:  The a r t i c l e  g i v e s  exper imentaZ d a t a  
on t h e  b ioZogicaZ e f f e c t i v e n e s s  of i o n i z i n g
r a d i a t i o n s  which  v a r y  i n  L L I  ( Z i n e a r  Zosses  of 
e n e r g y ) .  A c o n g r u i t y  was e s t a b Z i s h e d  i n  t h e  
genera2  p i c t u r e  f o r  s e v e r e  r a d i a t i o n  damage 
caused  b y  t h e  e f f e c t  of i s o e q u i v a z e n t  i o n i z i n g  
r a d i a t i o n s  which  d i f f e r  i n  L L E ,  p a r t i c u Z a r Z y  i n  
t h e  degree  of i n j u r y  t o  t h e  h e m o p o i e t i c  o rgans .
However, t h e  R B E  ( r e  Z a t i v e  b ioZogicaZ e f f e c t i v e 
n e s s )  c o e f f i c i e n t s  of v a r i o u s  i o n i z i n g  r a d i a t i o n s  
f o r  s e v e r e  damage cannot  be used  f o r  evaZua t ing
t h e  b i o Z o g i c a 2  e f f e c t  of r a d i a t i o n  when t h e  
remote a f t e r e f f e c t s  of r a d i a t i o n  s i c k n e s s  a r e  
of pr imary  i m p o r t a n c e .  

The d e v e l o p m e n t  o f  s p a c e  r e s e a r c h  p o s e s  t h e  p r o b l e m  o f  g u a r a n - / 3 8 1  
t e e i n g  p r o t e c t i o n  a g a i n s t  r a d i a t i o n  d u r i n g  s p a c e  f l i g h t s  [ 2 ,  4 ,  1 5 ,  
3 2 1 .  I n  r e l a t i o n  t o  t h i s ,  t h e  p r o b l e m  o f  t h e  r e l a t i v e  b i o l o g i c a l  
e f f e c t i v e n e s s  o f  v a r i o u s  i o n i z i n g  r a d i a t i o n s  i s  p a r t i c u l a r l y  t i m e l y ,  
s i n c e  a n  e v a l u a t i o n  o f  t h e  b i o l o g i c a l  e f f e c t  o f  mixed  f l u x e s  o f  
v a r i o u s  r a d i a t i o n s ,  c h a r a c t e r i s t i c  o f  s p a c e  r a d i a t i o n ,  mus t  b e  b a s e d  
on  a k n o w l e d g e  o f  t h e  q u a n t i t a t i v e  r u l e s  f o r  t h e  r a t i o  b e t w e e n  t h e  
v a l u e s  f o r  t h e  l i n e a r  l o s s e s  o f  e n e r g y  ( L L E )  a n d  t h e  r e l a t i v e  b i o 
l o g i c a l  e f f e c t i v e n e s s  ( R B E )  o f  t h e  i o n i z i n g  r a d i a t i o n .  Most i o n i z i n g  
r a d i a t i o n s  o f  a c o s m i c  n a t u r e  h a v e  s m a l l  L L E  v a l u e s ,  r o u g h l y  on  t h e  
same o r d e r  a s  X - r a y s  or y - r a y s  c 3 1 .  However ,  i n  t h e  ca se  o f  l a r g e  
i r r a d i a t i n g  o b j e c t s ,  a n d  p a r t i c u l a r l y  i r r a d i a t i o n s  b e y o n d  b a r r i e r s  
w i t h  i n s u f f i c i e n t  p o w e r ,  i t  i s  p o s s i b l e  t h a t  t h e r e  w i l l  b e  d o s a g e  
b a n d s  whose e n e r g y  s p e c t r u m  i s  " b l u r r e d "  o v e r  a w i d e  r a n g e  o f  L L E  
v a l u e s .  The i n t e r e s t  i n  t h e  h a r d - r a d i a t i o n  componen t  o f  t h e  c o s m i c  
r a d i a t i o n s  i s  a l s o  d u e  t o  t h e  p r e s e n c e  i n  them o f  h e a v y  n u c l e i  w i t h  
l a r g e  L L E  v a l u e s ,  s i n c e  t h e  d e n s i t y  o f  i o n i z a t i o n  for o t h e r w i s e  
e q u a l  c o n d i t i o n s  i s  p r o p o r t i o n a l  t o  t h e  s q u a r e  o f  t h e  c h a r g e  o f  t h e  
p a r t i c l e  C2O3. 

M o r e o v e r ,  we h a v e  n o t  e x c l u d e d  t h e  p o s s i b i l i t y  o f  u s i n g  n u c l e a r  
r e a c t o r s ,  whose b a c k g r o u n d  r a d i a t i o n  i s  m a i n l y  p r o d u c e d  by  h a r d -
r a d i a t i o n  f l u x e s  o f  n e u t r o n s ,  f o r  t h e  m o t o r s  o f  s p a c e c r a f t .  

I n  t h i s  a r t i c l e ,  w e  s h a l l  p r o v i d e  e x p e r i m e n t a l  d a t a  on  t h e  / 3 8 2-
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b i o l o g i c a l  e f f e c t i v e n e s s  o f  i o n i z i n g  r a d i a t i o n s  w h i c h  d i f f e r  i n  
L L E ,  i n  r e l a t i o n  t o  a c u t e  symptoms o f  r a d i a t i o n  s i c k n e s s .  M o r e o v e r ,  
t h i s  s t u d y  f o l l o w e d  t h e  g o a l  o f  c o m p a r i n g  t h e  p i c t u r e  f o r  r a d i a t i o n  
damage t o  anima-1s d u r i n g  t h e  a c t i o n  o f  v a r i o u s  i o n i z i n g  r a d i a t i o n s ,  
and  o f  e v a l u a t i n g  t h e  p o s s i b i l i t y  f o r  d e v e l o p i n g  c u r a t i v e  p r o c e s s e s .  
I n  e x a m i n i n g  o u r  d a t a  a n d  t h a t  i n  t h e  l i t e r a t u r e ,  w e  a l s o  a t t e m p t e d  
t o  e v a l u a t e  t h e  d a n g e r  o f  c h r o n i c  e x p o s u r e  t o  i o n i z i n g  r a d i a t i o n s  
w i t h  v a r i o u s  L L E  v a l u e s .  

I n  t h e  e x p e r i m e n t s ,  we e x a m i n e d  t h e  b i o l o g i c a l  e f f e c t  o f  p r o 
t o n s  o f  6 6 0  MeV, y - r a y s  f r o m  C o 6 ' ,  X-rays  w i t h  a p e a k  p o t e n t i a l  o f  
1 8 0  kV, a n d  f i s s i o n  . n e u t r o n s .  The L L E  v a l u e s  f o r  t h e  i o n i z i n g  
r a d i a t i o n s  u s e d  i n  t h e  e x p e r i m e n t s  a r e  g i v e n  i n  T a b l e  1. The s o u r c e  
f o r  t h e  h i g h - e n e r g y  p r o t o n s  w a s  t h e  O I Y a I  ' s y n c h r o c y c l o t r o n  a t  Dubna. 
The o p e r a t i o n a l  m e t h o d s  a n d  d o s i m e t r y  i n  t h e  e x p e r i m e n t s  w i t h  t h e  
h i g h - e n e r g y  p r o t o n s  w e r e  d e s c r i b e d  i n  g r e a t  d e t a i l  i n  e a r l i e r  
a r t i c l e s  [l, 111. The d o s e  r a t e  o f  t h e  p r o t o n s  i n  t h e  e x p e r i m e n t s  
w a s  e q u a l  t o  2 0 0 - 5 0 0  r a d / m i n .  

T A B L E  1. L L E  V A L U E  F O R  T H E  V A R I O U S  I O N I Z I N G ' R A D I A T I O N S  

Type of  R a d i a t i o n  T A - v e r a g e  ETE V a l u e  , keV/U 

P r o t o - n s  , 6 6 0  MeV 
y-Rays  f r o m  Co60 
X-Rays,  1 8 0  kV 
F i s s i o n  N e u t r o n s  

- -	~~ 

0 . 3  
0 . 3  
3 . 0  

30 - 0 - 5 0 . 0  

The s o u r c e  o f  t h e  f i s s i o n  n e u t r o n s  w a s  t h e  Type 1 B R  a t o m i c  
r e a c t o r  a t  t h e  L a b o r a t o r y  o f  N e u t r o n i c  P h y s i c s  i n  t h e  same I n s t i t u t e .  
The a v e r a g e  e n e r g y  o f  t h e  n e u t r o n s  was 0 . 3 - 0 . 4  MeV, c a u s e d  by t h e  
p r e s e n c e  o f  a n e u t r o n  m o d e r a t o r  a l o n g  t h e  p a t h  o f  t h e  beam. The 
d o s e  r a t e  o f  t h e  n e u t r o n s ,  u n d e r  v a r i o u s  c o n d i t i o n s ,  w a s  60-400 
r a d / h o u r .  The s o u r c e  o f  t h e  y - r a y s  was t h e  GUT-Co-400 a p p a r a t u s  
w h i c h  p r o v i d e d  i r r a d i a t i o n  a t  a d o s e  r a t e  f r o m  4 0  t o  1 0 0  r a d / m i n .  
The s o u r c e  o f  t h e  X - r a y s  w a s  t h e  RUT-3-20-200 a p p a r a t u s  wh ich  
o p e r a t e d  u n d e r  t h e  s t a n d a r d  c o n d i t i o n s  ( p o t e n t i a l  o f  1 8 0  k V ,  c u r r e n t  
s t r e n g t h  o f  1 5  m a ,  0 . 5  mm f i l t e r s  o f  Cu and  1 . 0  mnl o f  A l ,  f o c a l  
l e n g t h  o f  38 cm, d o s e  r a t e  o f  30 r a d / m i n ) .  For t h e  b i o l o g i c a l  s u b 
j . e c t s  i n  t h e  e x p e r i m e n t s ,  we u s e d  y e a s t  c e l l s  o f  two  t y p e s :  h a p 
l o i d s  o f  Z y g o s a c c h a r o m y c e s  c e r e v i s a e  a n d  d i p l o i d s  o f  S a c c h a r o m y c e s  
v i n i .  The a n i m a l s  u s e d  were  m i c e ,  r a t s ,  and  r a b b i t s .  

The f i r s t  s e r i e s  o f  e x p e r i m e n t s  i n v o l v e d  a n  e x a m i n a t i o n s  o f  / 3 8 3  
t h e  r e l a t i v e  b i o l o g i c a l  e f f e c t i v e n e s s  o f  v a r i o u s  i o n i z i n g  r a d i a t i o n s  
i n  r e l a t i o n  t o  t h e  r a d i a t i o n  damage t o  t h e  y e a s t  c e l l s .  The t y p e s  
o f  y e a s t  c e l l s  u s e d  i n  t h e s e  e x p e r i m e n t s  h a v e  b e e n  t h o r o u g h l y  
s t u d i e d  i n  t e r m s  o f  t h e i r  r a d i o b i o l o g i c a l  r e l a t i o n s h i p  [ 1 2 ,  131. 
The s u r v i v a l  r a t e  o f  t h e  i r r a d i a t e d  y e a s t  c e l l s  w a s  e x a m i n e d  by t h e  
me thod  f o r  c a l c u l a t i n g  m i c r o c o l o n i e s  [ 1 3 ] ,  wh ich  a l l o w e d  c o n s i d e r i n g  
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t h e  d i s t r i b u t i o n  o f  i n a c t i v a t e d  c e l l s  by t h e  s h a p e s  o f  t h e  m i c r o -
c o l o n i e s ,  i n  a d d i t i o n  t o  t h e  g e n e r a l  s u r v i v a l  r a t e  o f  t h e  c e l l s .  
The d o s a g e  c u r v e s  f o r  i n a c t i v a t i o n  o f  t h e  h a p l o i d  t y p e  h a v e  a n  e x 
p o n e n t i a l  f o r m  f o r  a l l  t h e  t y p e s  o f  r a d i a t i o n ,  w h i l e  t h o s e  for t h e  
d i p l o i d  t y p e  h a v e  a n  S - s h a p e .  The v a l u e s  o f  t h e  LD50, c a l c u l a t e d  
f r o m  t h e  e x p e r i m e n t a l  d a t a ,  a r e  g i v e n  i n  T a b l e  2. T h e s e  v a l u e s  
were u s e d  f o r  c a l c u l a t i n g  t h e  R B E  c o e f f i c i e n t s  o f  t h e  i o n i z i n g  
r a d i a t i o n s .  

T A B L E  2. R E L A T I V E  B I O L O G I C A L  EFFECTIVENESS OF VARIOUS I O N I Z I N G  
RADIATIONS, C A L C U L A T E D  A C C O R D I N G  T O  THE D A T A  F O R  THE SURVIVAL R A T E  

OF THE I R R A D I A T E D  YEAST CELLS 

R B E  

I n d i c e s  660 M e V  
F i s s i o n  
N e u t r o n s  

H a p l o i d  5.3k0.6 5.3f0.3 4 . 0 f 0 . 5  1.9kO.3 
L D 5 0  

D i p l o i d  29.0k2.8 29.2k1.4 25.1k3.2 -

for X - r a y s  H a p l o i d  -1 

o f  1 8 0  k V .  D i p l o i d  0.86 0.86 


R B E  f o r  y - r a y s  H a p l o i d  1 . 0  1 . 3  2.8 

o f  c o c o  D i p l o i d  1 1 . 0  1 ;:: j 1.2 j 


~ .. - -

A s  we c a n  s e e  f r o m  T a b l e  2, t h e  e f f e c t  o f  p r o t o n s  o f  660 M e V  
a n d  y - r a y s  o f  C o c o  on  t h e  two  t y p e s  o f  y e a s t  c e l l s ,  c a l c u l a t e d  
a c c o r d i n g  t o  t h e  s u r v i v a l  r a t e ,  i s  i d e n t i c a l .  The d i s t r i b u t i o n  o f  
t h e  f o r m s  o f  m i c r o c o l o n i e s  o f  t h e  i n a c t i v a t e d  c e l l s  i s  a l s o  i d e n t i 
c a l  f o r  t h e s e  r a d i a t i o n s .  On t h e  o t h e r  h a n d ,  t h e s e  r a d i a t i o n s  h a v e  
c l o s e  L L E  v a l u e s ,  w h i c h  a l l o w s  u s  t o  c o n c l u d e  t h a t  t h e  v a l u e s  f o r  
t h e  L L E  h a v e  a d e f i n i t e  r o l e  i n  t h e  R B E  o f  t h e  i o n i z i n g  r a d i a t i o n s  
( t h i s  s t a n d s  t o  r e a s o n ,  i n  v i e w  o f  t h e  o t h e r  f a c t o r s  w h i c h  c a n  
m o d i f y  t h e  o b s e r v e d  e f f e c t ) .  A s i m i l a r  a p p e a r a n c e  o f  a c o n g r u i t y  i n  
t h e  b i o l o g i c a l  e f f e c t i v i t y  of t h e  r a d i a t i o n s  p r o d u c e d  by v a r i o u s  
s o u r c e s ,  b u t  p r o d u c i n g  t h e  same d e n s i t y  o f  i o n i z a t i o n ,  w a s  c a l l e d  
a t r a n s g r e s s i o n  by Lea  e t  a l .  [ll-121. The c o n c e p t  o f  t r a n s g r e s 
s i o n  p l a y s  a d e f i n i t e  r o l e  i n  a n a l y z i n g  t h e  i n t e r r e l a t i o n s h i p s  
b e t w e e n  t h e  L L E  a n d  t h e  R B E  of i o n i z i n g  r a d t a t i o n s .  Wi th  a n  i n c r e a s e  
i n  t h e  L L E  v a l u e  o f  a r a d i a t i o n ,  t h e  R B E  v a l u e s  w h i c h  w e r e  d e t e r 
mined  i n  t h e  e x p e r i m e n t s  on t h e  y e a s t  c e l l s  a l s o  i n c r e a s e d .  F o r  
o t h e r  b i o l o g i c a l  o b j e c t s ,  a s i m i l a r  p i c t u r e  o f  t - h e  i n c r e a s e  i n  t h e  /384' 
R B E  o f  a n  i o n i z i n g  r a d i a t i o n  w i t h  a n  i n c r e a s e  i n  t h e  L L E  v a l u e s  w a s  
a l s o  n o t e d  by o t h e r  a u t h o r s  [9, 1 9 ,  22, 28, 30, 351. Only  for v e r y  
h i g h  v a l u e s  o f  L L E  ( w h i c h  u s u a l l y  e x c e e d  1 0 0  k e V / u )  d o e s  t h e  v a l u e  
o f  t h e  R B E  a g a i n  d e c r e a s e  C351. 

The s e c o n d  s e r i e s  o f  e x p e r i m e n t s ,  i n v o l v i n g  a n  e x a m i n a t i o n  o f  
t h e  R B E  f o r  t h e  same t y p e s  o f  r a d i a t i o n s ,  w a s  c o n d u c t e d  on mice.  
The c r i t e r i o n  f o r  r a d i a t i o n  damage w a s  t h e  d e a t h  o f  t h e  a n i m a l s  
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d u r i n g  a n  a c u t e  p e r i o d  o f  r a d i a t i o n  s i c k n e s s ,  w h i c h  w a s  i n d u c e d  by  

v a r i o u s  d o s e s  o f  r a d i a t i o n  s o  t h a t  w e  c o u l d  c a l c u l a t e  t h e  L D 5 0 / 3 0 .  

The r e s u l t s  o f  t h e s e  e x p e r i m e n t s  a r e  shown i n  T a b l e  3 ,  w h e r e  t h e  

R B E  c o e f f i c i e n t s  o f  t h e  i o n i z i n g  r a d i a t i o n s  were  c a l c u l a t e d  a c c o r d i n g  

t o  t h e  v a l u e s  o f  t h e  L D 5 0 1 3 0 .  A s  w e  c a n  s e e ,  t h e  g e n e r a l  c h a r a c t e r  

f o r  t h e  c h a n g e  i n  t h e  R B E  o f  t h e  i o n i z i n g  r a d i a t i o n s  i n  r e l a t i o n  t o  

t h e  L L E  ( w h i c h  w a s  s t u d i e d  i n  e x p e r i m e n t s  on  i s o l a t e d  c e l l s )  i s  

a l s o  o b s e r v e d  i n  t h e  t e s t  f o r  t h e  s u r v i v a l  r a t e  o f  t h e  a n i m a l s .  


T A B L E  3 .  R E L A T I V E  B I O L O G I C A L  EFFECTIVENESS OF VARIOUS I O N I Z I N G  
RADIATIONS, C A L C U L A T E D  A C C O R D I N G  TO THE D A T A  FOR THE F A T A L I T Y  RATE 

OF T H E  I R R A D I A T E D  M I C E  

II n d i c e s  P r o t o n s  o f  
M e V  

6 6 0  y - Rays  o f  
eo60 f r o m  X-Rays F i s s i o nI N e u t r o n s  

Ld50 ,  r a d  880  * 2 9  795 f 24 590 f 2 1  218  f 1 6  

R B E  f o r  X - r a y s  0 . 6 7  0 . 7 4  1 . 0  2 . 7  
R B E  f o r  y - r a y s  
c o 6 0  f r o m  0 . 9 0  1 . 0  1 . 3 4  3 . 6  

_. 

T h i s  i s  u n d o u b t e d l y  a n  i n d i c a t i o n  t h a t  t h e  s u r v i v a l  r a t e  o f  t h e  
i r r a d i a t e d  a n i m a l s  i s  u l t i m a t e l y  d e t e r m i n e d  by  t h e  s u r v i v a l  r a t e  o f  
t h e  c e l l s  i n  t h e  r a d i a t i o n - s e n s i t i v e  o r g a n s ,  p a r t i c u l a r l y  i n  t h e  
h e m o p o i e t i c  o r g a n s  a n d  t h e  i n t e s t i n e  [ 6 ,  3 3 1 .  I t  i s  i n t e r e s t i n g  
t o  n o t e  t h a t  i n  c e l l s  w h i c h  d i f f e r  g r e a t l y  f r o m  o n e  a n o t h e r  ( i s o 
l a t e d  c e l l s  o f  m i c r o o r g a n i s m s  a n d  c e l l s  o f  r a d i a t i o n - s e n s i t i v e  
o r g a n s  i n  a n i m a l s ,  w h i c h  d i f f e r  i n  r a d i a t i o n  s e n s i t i v i t y  by  a n  o r d e r  
o f  1 - 2 ) ,  t h e r e  i s  a s i m i l a r  c h a r a c t e r  o b s e r v e d  i n  t h e  r a t i o  b e t w e e n  
t h e  R B E  a n d  t h e  L L E .  O b v i o u s l y ,  t h i s  shows t h e  g e n e r a l  c h a r a c t e r  
o f  t h e  r e l a t i o n s h i p  o b s e r v e d .  

A c e r t a i n  d i f f e r e n c e  i n  t h e  e f f e c t i v e n e s s  o f  t h e  p r o t o n s  o f  
660  M e V  a n d  t h e  y - r a y s  f r o m  C o 6 0  i n  t e r m s  o f  t h e  f a t a l i t y  r a t e  o f  
t h e  mice  o b v i o u s l y  c a n  b e  e x p l a i n e d  by t h e  c o n d i t i o n s  f o r  t h e  
e x p e r i m e n t s .  The p r o t o n , i r r a d i a t i o n  i s  u l t r a - f r a c t i o n a t e d ,  w i t h  a 
p u l s e  l e n g t h  o f  200-400 u s e c ,  a n d  a r a t e  o f  100 p u l s e s / s e c .  
T h e r e f o r e ,  t h e  a c t u a l  d o s e  r a t e  p e r  p u l s e  e x c e e d s  t h e  a v e r a g e  d o s e  
r a t e  by  a n  o r d e r  o f  1 - 2 .  T h e r e  a r e  e x p e r i m e n t a l  d a t a  w h i c h  show 
t h a t ,  f o r  v e r y  h i g h  d o s e  r a t e s  o f  i o n i z i n g  r a d i a t i o n ,  t h e r e  i s  a / 3 8 5  
c e r t a i n  d e c r e a s e  i n  i t s  e f f e c t i v e n e s s  [ 8 ,  101. The d a t a  o f  t h i s  
e x p e r i m e n t  a l s o  c o r r e s p o n d  w e l l  w i t h  t h e  c o n c e p t s  o f  a t r a n s g r e s 
s i o n  o f  t h e  i o n i z i n g  r a d i a t i o n s .  A t  t h e  same t i m e ,  e v e n  i n  i r r a d i a 
t i o n  o f  s u c h  s m a l l  a n i m a l s  a s  m i c e ,  w e  c a n  b e g i n  t o  s e e  a d d i t i o n a l  
f a c t o r s  w h i c h  c o u l d  n o t  t a k e  p l a c e  i n  t h e  case  o f  i r r a d i a t i o n  o f  
c e l l s .  I n  r e l a t i o n  t o  t h e  n o n u n i f o r m i t y  o f  t h e  a t o m i c  c o m p o s i t i o n  
i n  v a r i o u s  a n i m a l  t i s s u e s ,  t h e  a b s o r p t i o n  d o s e s  i n  v a r i o u s  o r g a n s  
c a n  b e  d i f f e r e n t .  T h u s ,  a c c o r d i n g  t o  t h e  d a t a  o f  S i n c l a i r  C341,  t h e  
a b s o r p t i o n  d o s e s  i n  t h e  b o n e  marrow o f  a mouse or r a t  i n  t h e  case 
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of X-ray  i r r a d i a t i o n  e x c e e d  t h e  m i d - t i s s u l a r  d o s e s  f o r  s o f t  t i s s u e s  
r o u  h l y  by 1 0 % ;  f o r  t h e  e f f e c t  of h a r d e r  r a d i a t i o n s  ( y - r a y s  f r o m  
eo6!  or X - r a y s  o f  2 2  MeV), t h e  a b s o r p t i o n  d o s e s  i n  t h e  b o n e  marrow 
a n d  s o f t  t i s s u e s  a r e  e q u a l .  T h i s ,  o b v i o u s l y ,  i s  t h e  c a u s e  o f  t h e  
f a c t  t h a t  f o r  X - r a y s  t h e  g r e a t e s t  r e l a t i v e  v a l u e  i s  f o u n d  f o r  t h e  
i n t e r v a l  b e t w e e n  t h e  L D 1 0 0 / 4  a n d  t h e  LD100/30;  f o r  t h e  e f f e c t  o f  
y - r a y s  f r o m  C o 6 0  or h i g h - e n e r g y  p r o t o n s ,  t h e  g i v e n  i n t e r v a l  d e 
c r e a s e s ,  a s  we h a v e  d e s c r i b e d  i n  p r e v i o u s  a r t i c l e s  [ 1 9 ] ,  a n d  w h i c h  
w a s  n o t e d  by o t h e r  a u t h o r s  C 2 6 l .  The v a l u e  f o r  t h e  i n t e r v a l  b e 
t w e e n  t h e  L D 1 0 0 / 4  a n d  t h e  L D 1 0 0 / 3 0  c a n  b e  c a l c u l a t e d  w i t h  t h e  a i d  
o f  t h e  c r i t e r i ' o n  "K" w h i c h  w e  i n t r o d u c e d .  The c r i t e r i o n  "K" i s  e q u a l  
t o  t h e  r a t i o  b e t w e e n  t h e s e  two  v a l u e s  ( T a b l e  4 ) .  

P r o t o n s  o f  660 MeV 1 0 0 0  1 4 0 0  1 . 4  
y - r a y s  f r o m  e o 6 0  9 0 0  1 3 0 0  1 . 4  
X - r a y s  7 0 0  1 2 0 0  1 . 7  
F i s s i o n  N e u t r o n s  2 7 0  3 0 0  1.1 

_. 

The e f f e c t  o f  t h e  n o n - u n i f o r m i t y  i n  i r r a d i a t i o n  i s  s e e n  p a r t i c u l a r l y  
i n  t h e  i r r a d i a t i o n  o f  l a r g e  a n i m a l s ,  i n  r e l a t i o n  t o  w h i c h  we m u s t  
c a l c u l a t e  t h e  d i s t r i b u t i o n  o f  t h e  a b s o r b e d  e n e r g y  t h r o u g h o u t  t h e  
e x t e n t  o f  t h e  body as w e l l  a s  t h e  f l u x  o f  t h e  i n c i d e n t  r a d i a t i o n .  
A s e c o n d  i m p o r t a n t  f a c t o r  w h i c h  s h o u l d  b e  c o n s i d e r e d  i s  t h e  i r r e g u 
l a r  i n c r e a s e  i n  t h e  v a l u e  o f  t h e  RBE f o r  v a r i o u s  o c c u r r e n c e s  o f  a 
r a d i a t i o n  e f f e c t  d u r i n g  a n  i n c r e a s e  i n  t h e  L L E  o f  t h e  i o n i z i n g  
r a d i a t i o n s .  A c h a r a c t e r i s t i c  e x a m p l e  o f  s u c h  a phenomenon c a n  be  
f o u n d  i n  e x a m i n i n g  t h e  same f o r  T a b l e  4 .  A s  we c a n  s e e ,  f o r  t h e  
f i s s i o n  n e u t r o n s ,  t h e  v a l u e  f o r  t h e  i n t e r v a l  b e t w e e n  L D 1 0 0 / 4  a n d  
L D 1 0 0 / 3 0  i s  l e s s  t h a n  f o r  t h e  o t h e r  t y p e s  o f  i o n i z i n g  r a d i a t i o n .  
A t  t h e  same t i m e ,  a s  f o l l o w s  f r o m  t h e  c o n s i d e r a t i o n s  o f  A l p e n  e t  a l .  / 386  
[ 2 5 ] ,  s u c h  a d i f f e r e n c e  c o u l d  n e v e r  b e  e x p l a i n e d  o n l y  by t h e  i r r e g u 
l a r  d i s t r i b u t i o n  o f  t h e  a b s o r p t i o n  e n e r g y  f o r  t h e  n e u t r o n s  i n  t h e  
body  o f  t h e  a n i m a l s .  The a v , e r a g e  l i f e s p a n  o f  t h e  m i c e  w h i c h  e v e n 
t u a l l y  d i e d  a f t e r  e x p o s u r e  t o  n e u t r o n s  w a s  l e s s  t h a n  f o r  i r r a d i a t i o n  
w i t h  e q u i v a l e n t  d o s e s  o f  s o f t e r  r a d i a t i o n .  T h i s  shows t h e  g r e a t  
i n t e n s i t y  o f  t h e . i n t e s t i n a 1  syndrome  d u r i n g  t h e  a c t i o n  o f  h a r d -
r a d i a t i o n  f i s s i o n  n e u t r o n s .  

However ,  t h e  i n j u r y  t o  a number o f  o t h e r  o r g a n s  a n d  s y s t e m s  
d u r i n g  t h e  a c t i o n  o f  v a r i o u s  i o n i z i n g  r a d i a t i o n s  a t  d o s e s  wh ich  a r e  
e q u i v a l e n t  w i t h  r e s p e c t  t o  t h e  f a t a l i t y  r a t e  i s  r o u g h l y  i d e n t i c a l .  
T h i s  r e l a t e s  p r i m a r i l y  t o  t h e  damage t o  t h e  b l o o d  a n d  t h e  hemo
p o i e t i c  o r g a n s ,  w h i c h  w e  showed i n  t h e  t h i r d  s p e c i e s  o f  e x p e r i m e n t s .  
T h i s  s e r i e s  i n v o l v e d  a c o m p a r a t i v e  e v a l u a t i o n  o f  t h e  r a d i a t i o n  i n 
j u r i e s  a n d  r e c o v e r y  f o r  a n i m a l s  w h i c h  w e r e  e x p o s e d  t o  v a r i o u s  t y p e s  
o f  r a d i a t i o n  i n  i s o e q u i v a l e n t  d o s e s .  A c o m p a r i s o n  o f  t h e  r a d i a t i o n  
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damage f o r  m i c e ,  w h i c h  w e r e  s u b j e c t e d  t o  i r r a d i a t i o n  by  p r o t o n s  o f  
6 6 0  M e V ,  X - r a y s  o f  1 8 0  kV, or f i s s i o n  n e u t r o n s ,  w a s  made a t  t h r e e  
d i f f e r e n t  r a d i a t i o n  d o s e s  w h i c h  w e r e  e q u i v a l e n t ,  c o n s i d e r i n g  t h e  
O B R  c o e f f i c i e n t s  e q u a l  t o  3 0 0 ,  7 0 0 ,  a n d  1 5 0 0  r e m .  The d o s e  o f  3 0 0  
r e m  w a s  r o u g h l y  e q u a l  t o  0 . 5  LD50/30, a n d  w a s  n o t  f a t a l ;  t h e  d o s e  
o f  7 0 0  r e m  c o r r e s p o n d e d  r o u g h l y  t o  t h e  a b s o l u t e  minimun l e t h a l  d o s e ;  
t h e  d o s e  o f  1 5 0 0  r e m  l e d  t o  t h e  d e a t h  o f  a l l  t h e  a n i m a l s  w c t h i n  
f o u r  d a y s  a f t e r  t h e  i r r a d i a t i o n ,  d u e  t o  t h e  “ i n t e s t i n a l ”  v a r i e t y  o f  
a c u t e  r a d i a t i o n  s i c k n e s s .  The d e g r e e  o f  r a d i a t i o n  damage i n  t h e  
m i c e  w a s  e v a l u a t e d  a c c o r d i n g  t o  t h e  c h a n g e  i n  t h e  w e i g h t  o f  t h e  
b o d y ,  t h e  s p l e e n ,  t h e  s m a l l  i n t e s t i n e ,  a n d  t h e  t e s t i s ,  a s  w e l l  a s  
by  t h e  q u a n t i t y  o f  l e u k o c y t e s  a n d  e r y t h r o c y t e s  i n  t h e  b l o o d  a n d  t h e  
number  o f  c e l l s  i n  t h e  b o n e  marrow i n  t h e  f e m u r .  

An a n a l y s i s  o f  t h e  r e s u l t s  o f  t h e  e x p e r i m e n t s  l e d  t o  t h e  c o n 
c l u s i o n  t h a t  t h e  d e g r e e  o f  t h e  damage t o  t h e  h e m o p o i e t i c  o r g a n s  o f  
t h e  m i c e  w h i c h  w e r e  e x p o s e d  t o  v a r i o u s  t y p e s  o f  i o n i z i n g  r a d i a t i o n  
i n  d o s e s  w h i c h  w e r e  e q u i v a l e n t  i n  t e r m s  o f  t h e  f a t a l i t y  r a t e  were 
r o u g h l y  i d e n t i c a l .  I n  i r r a d i a t i n g  t h e  mice  w i t h  p r o t o n s  o f  6 6 0  M e V ,  
X - r a y s  o f  1 8 0  kV, or f i s s i o n  n e u r o n s  i n  a d o s e  o f  3 0 0  r e m ,  r e l a t e d  
d y n a m i c s  a r e  o b s e r v e d  f o r  t h e  c h a n g e  i n  t h e  w e i g h t  o f  t h e  s p l e e n  
a n d  t h e  number  o f  c e l l s  i n  t h e  b o n e  marrow i n  t h e  f e m u r .  D u r i n g  
t h e  f i r s t  f e w  d a y s  a f t e r  i r r a d i a t i o n ,  t h e  w e i g h t  o f  t h e  s p l e e n  a n d  
t h e  q u a n t i t y  o f  c e l l s  i n  t h e  b o n e  marrow d e c r e a s e  s h a r p l y ,  c o n s t i 
t u t i n g  r o u g h l y  3 0 %  o f  t h e i r  v a l u e  i n  t h e  c o n t r o l  a n i m a l s .  T h e n ,  as  
a r e s u l t  o f  a d e v e l o p m e n t  o f  t h e  r e g e n e r a t i v e  p r o c e s s e s ,  t h e r e  i s  a 
r a p i d , i n c r e a s e  i n  t h e  w e i g h t  o f  t h e  s p l e e n  a n d  t h e  q u a n t i t y  o f  c e l l s  
i n  t h e  b o n e  marrow i n  t h e  f e m u r  o f  t h e  c o n t r . o l  ( n o n - i r r a d i a t e d )  
a n i m a l s .  O b v i o u s l y ,  t h i s  i s  a s i g n  o f  “ h y p e r f u n c t i o n ”  o f  t h e  hemo
p o i e t i c  s y s t e m ,  w h i c h  d e v e l o p s  a s  a r e s u l t  o f  r e c o v e r y  f r o m  t h e  
r a d i a t i o n  i n j u r i e s .  W i t h i n  2 5  d a y s  a f t e r  i r r a d i a t i o n  i n  a d o s e  o f  
3 0 0  r e m ,  t h e  i r r a d i a t e d  a n d  c o n t r o l  m i c e  d o  n o t  show a r e l i a b l e  / 3 8 7  
v a r i a t i o n  i n  t h e  w e i g h t  o f  t h e  s p l e e n  a n d  t h e  q u a n t i t y  o f  c e l l s  i n  
t h e  b o n e  mar row.  S i m i l a r  d y n a m i c s  f o r  t h e  c h a n g e  i n  t h e  w e i g h t  o f  
t h e  s p l e e n  a n d  i n  t h e  number  o f  c e l l s  o f  t h e  b o n e  marrow i n  t h e  
f e m u r  a r e  a l s o  f o u n d  f o r  t h e  m i c e  w h i c h  w e r e  s u b j e c t e d  t o  i r r a d i a 
t i o n  by v a r i o u s  t y p e s  o f  i o n i z i n g  r a d i a t i o n  i n  d o s e s  o f  7 0 0  a n d  1 5 0 0  
r e m .  I n  t h e s e  c a s e s ,  t h e r e  i s  a s h a r p  d e c r e a s e  i n  t h e  w e i g h t  o f  
t h e  s p l e e n  a n d  t h e  q u a n t i t y  o f  c e l l s  i n  t h e  b o n e  marrow d u r i n g  t h e  
f i r s t  d a y s  a f t e r  i r r a d i a t i o n ,  w h i c h  t h e n  r e m a i n s  r o u g h l y  t h e  same 
u n t i l  t h e  d e a t h  o f  t h e  a n i m a l s .  

The w e i g h t  o f  t h e  body  a n d  t h e  s m a l l  i n t e s t i n e ,  a s  w e l l  a s  
t h e  q u a n t i t y  o f  l e u k o c y t e s  a n d  e r y t h r o c y t e s  i n  t h e  b l o o d ,  c h a n g e  
r o u g h l y  i n  t h e  same way f o r  t h e  m i c e  w h i c h  were e x p o s e d  t o  v a r i o u s  
t y p e s  o f  i o n i z i n g  r a d i a t i o n  a t  a l l  t h e  d o s e s  w e  u s e d  i n  t h e  e x p e r i 
m e n t s .  We c a n  o n l y  n o t e  t h a t ,  i n  r e l a t i o n  t o  t h e  e x p o s u r e  o f  t h e  
m i c e  t o  f i s s i o n  n e u t r o n s  i n  d o s e s  o f  7 0 0  a n d  1 5 0 0  rem, t h e  d e c r e a s e  
i n  t h e  w e i g h t  o f  t h e  s m a l l  i n t e s t i n e  d u r i n g  t h e  f i r s t  t h r e e  d a y s  
a f t e r  i r r a d i a t i o n  somewhat  e x c e e d s  $ h e  d e c r e a s e  i n  t h e  w e i g h t  o f  
t h i s  o r g a n  i n  t h e  case  o f  e x p o s i n g  t h e  m i c e  t o  p r o t o n s  o f  6 6 0  M e V  
or X - r a y s  o f  1 8 0  kV. 
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A r e l i a b l e  d i f f e r e n c e  i n  t h e  d e g r e e  o f  i n t e n s i t y  o f  t h e  r a d i a 
t i o n  damage i n  t h e  m i c e  w h i c h  were s u b j e c t e d  t o  i r r a d i a t i o n  by  s o f t  
or h a r d  r a d i a t i o n  w a s  o b s e r v e d  o n l y  i n  t h e  c h a n g e  i n  w e i g h t  o f  t h e  
t e s t e s .  The w e i g h t  o f  t h e  t e s t e s  d e c r e a s e d  more  a f t e r  n e u t r o n  
i r r a d i a t i o n  t h a n  a f t e r  i r r a d i a t i o n  w i t h  p r o t o n s  o f  6 6 0  M e V  or X - r a y s  
o f  1 8 0  kV i n  i s o e q u i v a l e n t  d o s e s .  

A c o m p a r i s o n  o f  t h e  b i o l o g i c a l  e f f e c t i v e n e s s  o f  s o f t  a n d  h a r d  
r a d i a t i o n  w a s  a l s o  c o n d u c t e d  a c c o r d i n g  t o  a number  o f  c h a r a c t e r i s t i c s  
f o r  a c u t e  r a d i a t i o n  damage i n  r a t s  a n d  r a b b i t s .  I n  t h e  r a t s  w h i c h  
w e r e  i r r a d i a t e d  w i t h  p r o t o n s  or' 6 6 0  MeV or f i s s i o n  n e u t r o n s  i n  d o s e s  
o f  3 0 0 ,  7 0 0 ,  a n d  1 5 0 0  r e m ,  w e  o b s e r v e d  c h a r a c t e r i s t i c  c h a n g e s  i n  
t h e  h e m o l y t i c  r e s i s t a n c e  o f  e r y t h r o c y t e s ,  c a l c u l a t e d  a c c o r d i n g  t o  
t h e  e r y t h r o g r a m  m e t h o d .  D u r i n g  t h e  f i r s t  s e v e r a l  d a y s  a f t e r  i r r a d 
i a t i o n ,  t h e r e  i s  a d e f i n i t e  d e c r e a s e  i n  t h e  h e m o l y t i c  r e s i s t a n c e  o f  
t h e  e r y t h r o c y t e s ,  w h i c h  o b v i o u s l y  i s  r e l a t e d  t o  t h e  d i r e c t  e f f e c t  
o f  t h e  r a d i a t i o n  on  t h e  e r y t h r o c y t e s .  The h e m o l y t i c  r e s i s t a n c e  o f  
t h e  e r y t h r o c y t e s  i n  t h e  i r r a d i a t e d  a n i m a l s  e x c e e d e d  t h e  r e s i s t a n c e  
o f  t h e  e r y t h r o c y t e s  i n  t h e  c o n t r o l  a n i m a l s  i n  c e r t a i n  c a s e s ;  t h i s  
i s  r e l a t e d  t o  t h e  e j e c t i o n  o f  new,  " i m m a t u r e "  c e l l s  i n t o  t h e  b l o o d  
f l o w .  I n  t h e  c a s e  o f  t h e  d e a t h  o f  t h e  a n i m a l s  d u r i n g  t h e  t e r m i n a l  
p e r i o d ,  t h e  s h a p e  o f  t h e  e r y t h r o g r a m s  w a s  s h a r p l y  d e f o r m e d ,  w h i c h  
c a n  be  e x p l a i n e d  by t h e  e f f e c t  on t h e  e r y t h r o c y t e s  o f  t o x i c  p r o d u c t s  
a c c u m u l a t e d  i n  t h e  o r g a n i s m .  T h e s e  c o u l d  b e  o f  a l i p i d  n a t u r e .  
T h e r e  w e r e  no  s i g n i f i c a n t  d i f f e r e n c e s  f o u n d  i n  t h e  n a t u r e  o f  t h e  
c h a n g e  i n  t h e  e r y t h r o g r a m s  f o r  t h e  r a t s  w h i c h  w e r e  e x p o s e d  t o  two  
r a d i a t i o n s  w h i c h  d i f f e r e d  s h a r p l y  i n  t h e  L L E  ( p r o t o n s  o f  6 6 0  MeV 
a n d  f i s s i o n  n e u t r o n s ) .  A s i m i l a r  p i c t u r e  f o r  t h e  c h a n g e  i n  t h e  
e r y t h r o g r a m s  o f  t h e  r a t s  w a s  d e s c r i b e d  e a r l i e r  for i r r a d i a t i o n  by 
X - r a y s  a n d  y - r a y s  [ 4 ,  2 1 1 ,  a n d  f o r  i r r a d i a t i o n  by  f a s t  n e u t r o n s  [ 2 4 ] .  

An e x a m i n a t i o n  o f  t h e  a u t o l y s i s  i n  h o m o g e n a t e s  o f  t h e  l i v e r  -1
/ 3 8 8  

a n d  s p l e e n ,  i n  r a t s  w h i c h  w e r e  s u b j e c t e d  t o  i r r a d i a t i o n  by  p r o t o n s  
o f  6 6 0  MeV or f i s s i o n  n e u t r o n s  i n  d o s e s  o f  3 0 0 ,  7 0 0 ,  a n d  1 5 0 0  r e m ,  
showed t h a t  t h e  c h a n g e  i n  i n t e n s i t y  o f  a u t o l y s i s  d e p e n d s  on t h e  
d o s e  o f  i r r a d i a t i o n ;  w i t h  a n  i n c r e a s e  i n  t h e  d o s e ,  i t  t a k e s  on a 
p r o n o u n c e d  p h a s e  c h a r a c t e r .  D u r i n g  v a r i o u s  p e r i o d s  a f t e r  t h e  
i r r a d i a t i o n ,  we c a n  o b s e r v e  b o t h  a c c e l e r a t i o n  a n d  r e t a r d a t i o n  o f  
t h e  a u t o l y t i c  r e a c t i o n .  A l t h o u g h  t h e r e  i s  a c e r t a i n  d i f f e r e n c e  i n  
t h e  i n t e n s i t y  a n d  p e r i o d s  f o r  a c h a n g e  i n  t h e  a u t o l y s i s  o f  a n i m a l s  
w h i c h  w e r e  i r r a d i a t e d  w i t h  p r o t o n s  o f  6 6 0  M e V  or f i s s i o n  n e u t r o n s ,  
we n e v e r t h e l e s s  m u s t  n o t e  t h a t  t h e  a u t o l y t i c  r e a c t i o n s  for i o n i z i n g  
r a d i a t i o n s  w h i c h  v a r y  i n  L L E  h a v e  t h e  same g e n e r a l  p h a s e  n a t u r e .  

The f o r m a t i o n  a n d  a c c u m u l a t i o n  o f  v a r i o u s  t o x i c  p r o d u c t s  i n  
t h e  o r g a n s  a n d  t i s s u e s  o f  i r r a d i a t e d  a n i m a l s  h a s  b e e n  shown c o n 
v i n c i n g l y  i n  a number  o f  r e c e n t  s t u d i e s .  O b v i o u s l y ,  among t h e  
o t h e r  r a d i o t o x i n s ,  a n  i m p o r t a n t  r o l e  i s  p l a y e d  by t h e  l i p i d  t o x i n s  
[141. T h e r e f o r e ,  t h e  s t u d y  compared  t h e  d y n a m i c s  f o r  a c c u m u l a t i o n  
o f  p r o d u c t s  w i t h  o x i d a t i o n  o f  l i p i d s  i n  t h e  l i v e r  o f  r a t s ,  w i t h  
t h e  t o x i c i t y  o f  t h e  a c e t o n e  f r a c t i o n  o f  t h e  l i p i d  e x c r e t i o n  f r o m  
t h e  l i v e r s  o f  r a b b i t s  w h i c h  w e r e  s u b j e c t e d  t o  i r r a d i a t i o n  by h i g h 
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e n e r g y  p r o t o n s  a n d  f i s s i o n  n e u t r o n s  i n  d o s e s  w h i c h  w e r e  i s o e q u i v a l e n t  
a c c o r d i n g  t o  t h e  f a t a l i t y  r a t e .  I t  w a s  e s t a b l i s h e d  t h a t  u n d e r  t h e  
e f f e c t  o f  b o t h  t y p e s  o f  i r r a d i a t i o n  i n  a d o s e  o f  8 0 0  r e m ,  t h e r e  a r e  
s u b s t a n c e s  i n  t h e  b u t a n o l  e x t r a c t s  f r o m  t h e  l i v e r  o f  r a t s ,  w h i c h  
p r o d u c e  a s p e c i f i c  r e a c t i o n  w i t h  t h i o b a r b i t u r i c  a c i d .  T h i s  i s  
u s u a l l y  c o n s i d e r e d  a s  a n  i n d i c a t i o n  o f  t h e  p r e s e n c e  o f  o x i d a t i o n  
p r o d u c t s  o f  l i p i d s  [ 2 7 ] .  The q u a n t i t y  o f  t h e s e  p r o d u c t s  i n c r e a s e s  
w i t h  t h e  d e v e l o p m e n t  o f  t h e  r a d i a t i o n  damage ,  a n d  i t  r e a c h e s  a 
maximum d u r i n g  t h e  t e r m i n a l  s t a g e  o f  a c u t e  r a d i a t i o n  s i c k n e s s .  
H a v i n g  e v a l u a t e d  t h e  t o x i c i t y  o f  t h e  a c e t o n e  f r a c t i o n  i n  t h e  l i p i d  
e x c r e t i o n  f r o m  t h e  l i v e r  o f  t h e  r a b b i t s  ( w h i c h  w e r e  k i l l e d  on  t h e  
t h i r d  d a y  a f t e r  i r r a d i a t i o n  b y  a d o s e  o f  1 0 0 0  r e m )  b y  t h e  h e m o l y t i c  
t e s t ,  w e  f i n d  t h a t  i t  i s  r o u g h l y  i d e n t i c a l  f o r  b o t h  t y p e s  o f  
i o n i z i n g  r a d i a t i o n .  

T h u s ,  a c c o r d i n g  t o  a l a r g e  number o f  c h a r a c t e r i s t i c s  f o r  
r a d i a t i o n  damage ,  t h e  e x p o s u r e  o f  t h e  a n i m a l s  t o  i s o e q u i v a l e n t  d o s e s  
o f  v a r i o u s  i o n i z i n g  r a d i a t i o n s  l e a d s  t o  a n  i d e n t i c a l  p i c t u r e  f o r  
t h e  r a d i a t i o n  damage .  T h e r e f o r e ,  t h e  i n t e n s i t y  o f  t h e  " i n t e s t i n a l "  
syndrome  o f  n e u t r o n  i r r a d i a t i o n  shows  a n  i n c r e a s e  i n  t h e  LLE v a l u e  
f o r  t h e  i o n i z i n g  r a d i a t i o n  means  t h a t  t h e  R B E  v a l u e  f o r  t h e  damage 
t o  t h e  i n t e s t i n e  i n c r e a s e s  more r a p i d l y  t h a n  t h e  RBE v a l u e  w h i c h  
w a s  c a l c u l a t e d  a c c o r d i n g  t o  t h e  f a t a l i t y  r a t e  o f  t h e  a n i m a l s .  
T h e r e f o r e ,  i f  t h e  i n t e s t i n e  i s  more r a d i a t i o n - r e s i s t a n t  t h a n  t h e  
h e m o p o i e t i c  o r g a n s  t o  t h e  e f f e c t  o f  s o f t  r a d i a t i o n ,  a n d  a n  i n c r e a s e  
i n  t h e  r a d i a t i o n  d o s e  r e v e a l s  a "bone-marrow" f o r m  o f  r a d i a t i o n  
damage f o l l o w e d  by  a n  " i n t e s t i n a l "  f o r m  o f  damage t o  t h e  a n i m a l s ,  
t h e n  t h e  e f f e c t  o f  h a r d  r a d i a t i o n  c a u s e s  t h e  r a d i a t i o n  s e n s i t i v i t y  
o f  t h e  i n t e s t i n e  t o  d e c r e a s e  r o u g h l y  t o  t h e  l e v e l  o f  t h a t  f o r  t h e  
h e m o p o i e t i c  o r g a n s .  When t h e  mice  a r e  e x p o s e d  t o  h a r d  r a d i a t i o n ,  
m o s t  o f  t h e m  d i e  f r o m  t h e  " i n t e s t i n a l "  v a r i e t y  o f  a c u t e  r a d i a t i o n  / 3 8 9  
s i c k n e s s  w h i c h  d o e s  n o t  r e a c h  t h e  " s e c o n d  p e a k "  o f  d e s t r u c t i o n ,  a n d  
t h e  damage o f  t h e  h e m o p o i e t i c  o r g a n s  seems t o  b e  " c o n c e a l e d "  b e c a u s e  
o f  t h e  g r e a t  s e v e r i t y  o f  t h e  i n t e s t i n a l  i n j u r y .  N a t u r a l l y ,  f o r  t h e  
e f f e c t  o f  r a d i a t i o n  i n  s m a l l e r  d o s e s ,  t h e  damage t o  t h e  h e m o p o i e t i c  
o r g a n s  ( w h i c h  d e t e r m i n e  t h e  d y n a m i c s  f o r  t h e  d e v e l o p m e n t  o f  t h e  
r e s t o r a t i o n  p r o c e s s e s )  i s  o f  p r i m a r y  i m p o r t a n c e .  Such  a c o n c l u s i o n  
w a s  s u b s t a n t i a t e d  by  t h e  d a t a  f r o m  t h e  e x p e r i m e n t s  s t u d y i n g  t h e  
r a p i d i t y  o f  " r e c o v e r y "  f o r  t h e  mice  w h i c h  were s u b j e c t e d  t o  i r r a d i a 
t i o n  b y  p r o t o n s  o f  6 6 0  M e V ,  X - r a y s  o f  1 8 0  kV, or f i s s i o n  n e u t r o n s  i n  
a d o s e  o f  300 r e m .  A f t e r  i r r a d i a t i o n ,  t h e  " r e m a n e n t  damage" ,  
d e t e r m i n e d  b y  means  o f  r e p e a t e d  X-ray  i r r a d i a t i o n ,  b e g i n s  t o  d e 
c r e a s e  r a p i d l y  ( r o u g h l y  a c c o r d i n g  t o  t h e  e x p o n e n t i a l  l a w )  a n d  
r e a c h e s  z e r o  a r o u n d  t h e  7 t h  t o  9 t h  d a y s  a f t e r  t h e  i r r a d i a t i o n .  
D u r i n g  t h e  f o l l o w i n g  p e r i o d ,  t h e r e  i s  a c o n d i t i o n  o f  i n c r e a s e d  
r a d i a t i o n - r e s i s t a n c e ,  t h e  maximum o f  w h i c h  o c c u r s  r o u g h l y  on  t h e  
1 2 t h  t o  1 4 t h  d a y s  a f t e r  i r r a d i a t i o n .  The i n c r e a s e  i n  t h e  r a d i a t i o n -
r e s i s t a n c e  d u r i n g  a c e r t a i n  p e r i o d  a f t e r  a n o n - f a t a l  i r r a d i a t i o n  
w a s  a l s o  o b s e r v e d  by  o t h e r s  i n  s i m i l a r  e x p e r i m e n t s .  O b v i o u s l y ,  t h e  
i n c r e a s e  i n  t h e  r a d i a t i o n - r e s i s t a n c e  i s  c o n n e c t e d  w i t h  t h e  " h y p e r 
f u n c t i o n "  o f  t h e  h e m o p o i e t i c  s y s t e m ,  a s  a r e s u l t  of a d e v e l o p m e n t  
o f  t h e  r e p a r a t i v e  p r o c e s s e s .  By t h e  2 0 t h  d a y  a f t e r  t h e  i r r a d i a t i o n ,  
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t h e  r a d i a t i o n - s e n s i t i v i t y  o f  t h e  e x p e r i m e n t a l  a n i m a l s  i s  a l m o s t  t h e  
same a s  f o r  t h e  c o n t r o l s .  For a l l  t h r e e  t y p e s  o f  i o n i z i n g  r a d i a t i o n ,  
t h e  d i f f e r e n c e s  i n  t h e  d y n a m i c s  f o r  t h e  c h a n g e  i n  t h e  m a g n i t u d e  o f  
t h e  " r e m a n e n t  damage" a r e  n o t  r e l i a b l e .  The d y n a m i c s  f o r  t h e  
c h a n g e  i n  t h e  m a g n i t u d e  o f  t h e  " r e m a n e n t  damage" a f t e r  t h e  non
f a t a l  i r r a d i a t i o n  u n d o u b t e d l y  r e f l e c t  t h e  d y n a m i c s  f o r  t h e  d e v e l o p 
men t  o f  r e g e n e r a t i v e  p r o c e s s e s  i n  t h e  h e m o p o i e t i c  o r g a n s .  I n  t h e  
c a s e  o f  r e p e a t e d  i r r a d i a t i o n  by X - r a y s  i n  d o s e s  a t  t h e  same i n t e r 
v a l s  a s  w e r e  u s e d  i n  our e x p e r i m e n t s ,  t h e  s u r v i v a l  r a t e  i s  d e t e r 
mined  a c c o r d i n g  t o  t h e  s t a t e  of t h e  h e m o p o i e t i c  o r g a n s .  The phenom
e n o n  o f  " i n c r e a s e d  r a d i a t i o n - r e s i s t a n c e "  o b s e r v e d  a f t e r  n o n - f a t a l  
i r r a d i a t i o n  i s  v e r y  i n t e r e s t i n g .  A c o m p a r i s o n  b e t w e e n  t h e  d u r a t i o n  
o f  t h e  i n c r e a s e d  r a d i a t i o n - r e s i s t a n c e  a n d  t h e  d a t a  on t h e  d y n a m i c s  
f o r  t h e  c h a n g e  i n  t h e  o r g a n s  and  s y s t e m s  o f  a n  a n i m a l  a f t e r  i r r a d i a 
t i o n  a l l o w s  u s  t o  d r a w  t h e  c o n c l u s i o n  t h a t  t h e  c o n d i t i o n  o f  i n c r e a s e d  
r a d i a t i o n - r e s i s t a n c e  i s  a p p a r e n t l y  a r e f l e c t i o n  o f  t h e  c o n d i t i o n  o f  
" h y p e r f u n c t i o n "  f o r  t h e  r a d i a t i o n - s e n s i t i v e  o r g a n s ,  p r i m a r i l y  t h e  
h e m o p o i e t i c  o r g a n s .  

T h e r e f o r e ,  t h e  r e s u l t s  o f  t h e  e x a m i n a t i o n s  c o n d u c t e d  show t h e  
c o n g r u i t y  o f  t h e  g e n e r a l  p i c t u r e  f o r  a c u t e  r a d i a t i o n  damage t o  
a n i m a l s ,  c a u s e d  by t h e  e f f e c t  of i s o e q u i v a l e n t  i o n i z i n g  r a d i a t i o n s  
w h i c h  v a r y  i n  L L E ,  p a r t i c u l a r l y  i n  t h a t  p a r t  w h i c h  i s  d e t e r m i n e d  by 
t h e  d e g r e e  o f  i n j u r y  t o  t h e  h e m o p o i e t i c  o r g a n s .  The q u a n t i t a t i v e  
i n t e r r e l a t i o n s h i p s  b e t w e e n  t h e  L L E  o f  t h e  i o n i z i n g  r a d i a t i o n s  a n d  
t h e  R B E ,  c a l c u l a t e d  a c c o r d i n g  t o  t h e  f a t a l i t y  r a t e  o f  t h e  a n i m a l s ,  
c a n  b e  d e s c r i b e d  i n  a good a p p r o x i m a t i o n  by t h e  f o l l o w i n g  e m p i r i c a l  
f o r m u l a  : 

R B E  = 0 . 8  + 0 . 0 6  x L L E ,  

where  t h e  v a l u e  f o r  L L E  i s  t a k e n  a s  1 k e V / p .  The c o n v e n i e n c e  o f  / 390  
t h i s  f o r m u l a  i n  r e l a t i o n  t o  t h e  c a l c u l a t i o n s  f o r  t h e  " b i o l o g i c a l  
d o s e "  o f  t h e  mixed  f l u x e s  o f  r a d i a t i o n s  i s  l i n k e d  w i t h  t h e  l i n e a r  
c h a r a c t e r  o f  t h e  r e l a t i o n s h i p  b e t w e e n  RBE a n d  L L E .  

The a b o v e - d e s c r i b e d  n o n u n i f o r m i t y  o f  t h e  i n c r e a s e  i n  t h e  R B E  
f o r  c e r t a i n  o r g a n s  a n d  s y s t e m s  o f  a n  a n i m a l  ( i n t e s t i n e ,  t e s t e s )  
w i t h  a n  i n c r e a s e  i n  t h e  v a l u e  of t h e  LLE f o r  t h e  i o n i z i n g  r a d i a t i o n s ,  
c a n n o t  be  u s e d  i n  t h e  c a s e  o f  a c u t e  damage i n  c a l c u l a t i n g  t h e  b i o 
l o g i c a l  e f f e c t  o f  t h e  r a d i a t i o n  when t h e  r e m o t e  a f t e r e f f e c t s  o f  t h e  
r a d i a t i o n  damage a r e  o f  p r i m a r y  i m p o r t a n c e .  T h e s e  c o n c e p t s  r e l a t e  
p r i m a r i l y  t o  s o f t - r a d i a t i o n ,  h i g h - e n e r g y  p r o t o n s ,  w h i c h  c a n  t r a n s f e r  
some o f  t h e  a b s o r b e d  e n e r g y  o f  t h e  r a d i a t i o n  i n  t h e  same way a s  f o r  
a h a r d  r a d i a t i o n .  For a c u t e  r a d i a t i o n  damage c a u s e d  by  h i g h -
e n e r g y  p r o t o n s ,  a s i m i l a r  " a d - i t i o n "  o f  h a r d  r a d i a t i o n  h a s  p r a c t i c a l 
l y  no  e f f e c t ,  a n d  t h e  R B E  i s  w i t h i n  t h e  r a n g e  of one  u n i t ;  we m u s t  
a w a i t  a s i g n i f i c a n t  i n c r e a s e  i n  t h e  v a l u e  o f  t h e  R B E  f o r  t h e  r e m o t e  
a f t e r e f f e c t s  o f  p r o t o n  i r r a d i a t i o n .  

The l i m i t e d  d a t a  on t h e  c a r c i n o g e n i c  e f f e c t  o f  p r o t o n s  o f  6 6 0  
MeV [ 2 3 ]  seem t o  c o n f i r m  t h e  c o n c e p t s  p r e s e n t e d  h e r e .  However ,  i t  
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i s  c e r t a i n  t h a t  f u r t h e r  s t u d i e s  a r e  n e c e s s a r y  f o r  a n s w e r i n g  t h i s  
q u e s t i o n .  
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RELATIONSHIP BETWEEN THE FUNCTION OF THE THYROID 
GLAND AND THE CHOLINESTERASE A C T I V I T Y  OF THE HYPOTHALAMUS, 
THt!LAMrJS, PALEO-, ARCHEO-, AND NEOCORTEX I N  DOGS SUFFERING 

FROM ACUTE RADIATION SICKNESS 
B.I. Davydov  a n d  Y u . A .  K l a s s o v s k i y  

ABSTRACT: The f u n c t i o n  of t h e  t h y r o i d  gZand was 
examined i n  e x p e r i m e n t s  on dogs by u s i n g  t h e  accum
u Z a t i o n  and e x c r e t i o n  of I131. The c h o Z i n e s t e r a s e  
a c t i v i t y  i n  t h e  a n t e r i o r  and p o s t e r i o r  r e g i o n s  of 
t h e  hypothatamus ,  tha tamus ,  p a Z e o c o r t e x ,  a r c h e o c o r t e x ,  
n e o c o r t e x ,  and cerebe  ZZum was aZso examined .  A 
d e c r e a s e  i n  t h e  accumula t ion  of 1 1 3 1  i n  t h e  dogs
w i t h i n  1 4  months a f t e r  i r r a d i a t i o n  w i t h  a dose of 
4 0 0  r was accompanied by a decrease  i n  t h e  choli
n e s t e r a s e  a c t i v i t y  i n  t h e  hypothalamus  and t h a l 
amus. A d e t e r m i n a t i o n  o f  t h e  c o r r e l a t i o n  c o e f f i 
c i e n t  a c c o r d i n g  t o  Spearman's  f o rmula  showed t h a t  
t h e  mos t  r i g i d  r e z a t i o n s h i p  ( + 0 . 9 5 )  i s  f ound  
be tween  t h e  accumula t ion  of I 7 3 - r  and t h e  c h o l i n e s 
t e r a s e  a c t i v i t y  i n  t h e  hypothaZamus. 

An e x a m i n a t i o n  o f  t h e  c h a n g e s  i n  t h e  n e u r o - e n d o c r i n e  s y s t e m  / 3 9 1  
d u r i n g  t h e  e f f e c t  o f  e x t r e m e  f l i g h t  f a c t o r s  i s  n o t  o n l y  o f  i n t e r e s t  
f o r  s p a c e  p h y s i o l o g y ,  b u t  c a n  a l s o  s h e d  l i g h t  on c e r t a i n  o b s c u r e  
p r o b l e m s  i n  m o t o r  p s y c h o l o g y .  I n  p l a n n i n g  a s p a c e  f l i g h t ,  w e  m u s t  
c o n s i d e r  p a r t i c u l a r  f e a t u r e s  o f  t h e  r e a c t i o n  o f  v a r i o u s  s t r u c t u r e s  
i n  t h e  c e r e b r u m ,  p a r t i c u l a r l y  t h o s e  r e s p o n s i b l e  f o r  t h e  b e h a v i o r i a l  
r e a c t i o n s  o f  a n  o r g a n i s m  ( h y p o t h a l a m u s ,  h i p p o c a m p u s ,  l i m b i c  c o r t e x )  / 392  
d u r i n g  t h e  e f f e c t  o f  f l i g h t  f a c t o r s .  The n e u r o e n d o c r i n e  s y s t e m  i s  
p a r t i c u l a r l y  s e n s i t i v e  t o  i o n i z i n g  r a d i a t i o n .  

A s t u d y  o f  t h e  r e g u l a t i o n  o f  t h e  t h y r o i d  g l a n d  i s  o f  d e f i n i t e  
i n t e r e s t  , s i n c e  t h e  m e t a b o l i s m  a n d  oxygen  b a l a n c e  i n  o r g a n i s m s  
s u f f e r  g r e a t l y  f r o m  a d i s o r d e r  i n  t h i s  g l a n d .  

Most  r e s e a r c h e r s  c o n s i d e r  t h a t  t h e  f e e d b a c k  s y s t e m  o f  t h e  t h y 
r o i d  g l a n d - p i t u i t a r y ,  w h i c h  c o n t r o l s  t h e  e x c r e t i o n  o f  t h e  t h y r o 
t r o p i c  ho rmone  , d e p e n d s  m a i n l y  on t h e  h y p o t h a l a m u s  I: 1,1 7  ,2 5 1. The 
t h y r o i d  g l a n d  i s  r e g u l a t e d ,  n o t  o n l y  by  t h e  h y p o t h a l a m u s ,  b u t ,  o b v i 
o u s l y ,  b y  o t h e r  r e g i o n s  i n  t h e  c e r e b r u m :  t h e  t h a l a m u s ,  as w e l l  as 
t h e  f r o n t a l  a n d  l i m b i c  r e g i o n s  o f  t h e  c o r t e x ,  a n d  t h e  h i p p o c a m p u s  
C 2 ,  1 0 ,  2 0 ,  3 1 ,  251 .  

I t  w a s  shown e a r l i e r  t h a t  i n  d o g s  w i t h  a c u t e  r a d i a t i o n  s i c k 
n e s s ,  c e r t a i n  a s p e c t s  of t h e  m e t a b o l i s m  o f  t h e  a c e t y l c h o l i n e  i n  t h e  
h y p o t h a l a m u s  a n d  t h a l a m u s  a r e  d i s t u r b e d  [ 7 , 8 1 .  On t h e  o t h e r  h a n d ,  
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t h e  f u n c t i o n  o f  t h e  t h y r o i d  g l a n d  i n  a n i m a l s  i s  a f f e c t e d  for 3 . 5 
l e  m o n t h s  a f t e r  r a d i a t i o n  damage C 3 l .  

I n  t h i s  a r t i c l e ,  w e  h a v e  a t t e m p t e d  t o  e x a m i n e  t h e  r e l a t i o n s h i p  
b e t w e e n  t h e  f u n c t i o n a l  c o n d i t i o n  o f  t h e  t h y r o i d  g l a n d  a n d  t h e  a c t i v 
i t y  o f  t h e  c h o l i n e s t e r a s e  i n  t h e  h y p o t h a l a m u s ,  t h a l a m u s ,  c e r e b e l l u m ,  
a n d  p h y l o g e n e t i c a l l y - d i f f e r e n t  c o r t i c a l  s t r u c t u r e s :  t h e  p a l e o - ,  
a r c h e o - ,  a n d  n e o c o r t e x .  We d e t e r m i n e d  t h e  r e l a t i o n s h i p  w i t h  t h e  
a i d  o f  t h e  c o r r e l a t i o n  m e t h o d .  

M E T H O D S .  

The e x p e r i m e n t s  w e r e  c o n d u c t e d  on 1 8  m a l e  m o n g r e l  d o g s ,  a b o u t  
1 . 5 - 2  y e a r s  o l e  a t  t h e  t i m e  o f  i r r a d i a t i o n .  The a n i m a l s  w e r e  s u b 
j e c t e d  t o  a g e n e r a l  y - i r r a d i a t i o n  o f  C o 6 0  i n  a d o s e  o f  400 r ( 1 3  
r / m i n ) .  A c c o r d i n g  t o  t h e  d a t a  o f  t h e  p r e l i m i n a r y  e x p e r i m e n t s ,  t h i s  
d o s e  c o n s i s t e d  o f  L D 5 0 / 3 0 .  A l l  t h e  a n i m a l s  w e r e  k e p t  on a r e g u l a r  
d i e t  u n d e r  t h e  same c o n d i t i o n s .  The f u n c t i o n  o f  t h e  t h y r o i d  g l a n d  
w a s  e x a m i n e d  by t h e  a b s o r p t i o n  o f  w i t h i n  9 - 1 4  mon ths  a f t e r  t h e  
i r r a d i a t i o n ,  by u s i n g  i n t r a v e n o u s  a d m i n i s t r a t i o n  o f  I13 1  w i t h o u t  
a c a r r i e r  i n  a q u a n t i t y  o f  1 0  VC. The a b s o r p t i o n  o f  1131 by t h e  
t h y r o i d  g l a n d  w a s  d e t e r m i n e d  f r o m  t h e  y - r a d i a t i o n ,  w i t h  t h e  a i d  o f  
a s h i e l d e d  d e t e c t o r  made up o f  t h r e e  g a s  c o u n t e r s .  The a n t e r i o r  
s u r f a c e  o f  t h e  a n i m a l ’ s  n e c k  ( i n  t h e  r e g i o n  w h e r e  t h e  t h y r o i d  
g l a n d  p r o t r u d e d )  w a s  p l a c e d  a t  a d i s t a n c e  o f  7 c m  f r o m  t h e  d e t e c t o r .  
Each  m e a s u r e m e n t  l a s t e d  3-5 min .  The e x p e r i m e n t s  on  t h e  c o n t r o l  
a n d  e x p e r i m e n t a l  a n i m a l s  w e r e  c o n d u c t e d  s i m u l a t a n e o u s l y .  F o u r t e e n  
mon ths  a f t e r  i r r a d i a t i o n ,  t h e  a n i m a l s  w e r e  d e c a p i t a t e d ;  t h e  c e r e 
brum w a s  e x t r a c t e d ,  t h e  p i a  m a t e r  w a s  i s o l a t e d ,  a n d  a s e c t i o n  o f  
t h e  o p t i c  n e r v e  w a s  s e p a r a t e d .  The c e r e b r u m  w a s  t h e n  d i v i d e d  i n t o  
two  h e m i s p h e r e s  by s a g i t t a l  s e c t i o n  a n d  f r o z e n  i n  c a r b o n  d i o x i d e .  
A f t e r  t h i s ,  we e x c i s e d  t h e  h y p o t h a l a m u s ,  t h a l a m u s  ( m a i n l y  t h e  c e n 
t r a l - m e d i a l  n u c l e i )  a n d  t h e  p a r t s  o f  t h e  c o r t e x  w h i c h  c o r r e s p o n d e d  
t o p o g r a p h i c a l l y  t o  t h e  f o l l o w i n g  r e g i o n s :  t h e  p r e p e r i f o r m - p e r i a m y g - / 3 9 3  
d a l a r  r e g i o n  o f  t h e  p a l e o c o r t e x ,  t h e  v e n t r a l  p o r t i o n  o f  t h e  h i p p o -
campus ( a r c h e o c o r t e x ) ,  a n d  t h e  f r o n t a l - l i m b i c  r e g i o n  o f  t h e  n e o 
c o r t e x  C41. I n  t h e  s t u d y ,  we a l s o  made a t h i n  s e c t i o n  o f  a n  e n t i r e  
h e m i s p h e r e  o f  t h e  c e r e b e l l u m .  The c h o l i n e s t e r a s e  a c t i v i t y  w a s  
d e t e r m i n e d  i n  e x t r a c t s  o f  t h e  b r a i n  t i s s u e  by t h e  somewha t  m o d i f i e d  
s p e c t r o p h o t o m e t r i c  m e t h o d  o f  G r e g o i r e  a n d  L i m o z i n  C 2 1 1 .  A s  a s u b 
s t r a t e  f o r  t h e  c h o l i n e s t e r a s e ,  we u s e d  a c e t y l c h o l i n e  c h l o r i d e  i n  
an u l t i m a t e  c o n c e n t r a t i o n  o f  6 .  9-10-4 M .  The c h o l i n e s t e r a s e  a c t i v 
i t y  w a s  e x p r e s s e d  i n  m i c r o m o l e s  o f  t h e  d i s i n t e g r a t e d  a c e t y l c h o l i n e  
f o r  o n e  h o u r  i n  an e x t r a c t  o f  1 0 0  mg o f  f r e s h  t i s s u e  a t  25O a n d  
a pH o f  7 . 5 .  

The e x p e r i m e n t a l  m a t e r i a l s  w e r e  s u b j e c t e d  t o  a s t a t i s t i c a l  
a n a l y s i s ,  c a l c u l a t i n g  t h e  a r i t h m e t i c  a v e r a g e  a n d  t h e  q u a d r a t i c  
error o f  t h e  a v e r a g e .  W e  d e t e r m i n e d  t h e  c o r r e l a t i o n  c o e f f i c i e n t  
among t h e  i n d i v i d u a l  i n d i c e s  a c c o r d i n g  t o  Spea rman  C131. 
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RESULTS A N D  DISCUSSION 

The e x p e r i m e n t a l  d a t a  o b t a i n e d  a r e  shown i n  T a b l e s  1 a n d  2 
a n d  F i g u r e  1. F i g u r e  1 ( A )  shows t h e  c u r v e s  f o r  t h e  a c c u m u l a t i o n  o f  
1131  b y  t h e  t h y r o i d  g l a n d  o f  a d o g ,  9 mon ths  a f t e r  y - i r r a d i a t i o n .  
I t  w a s  shown p . r e v i o u s l y  [ S I  t h a t  50-87% o f  t h e  i r r a d i a t e d  a n i m a l s  
showed a c u r v e  f o r  t h e  a b s o r p t i o n  o f  1 1 3 1  w i t h  a maximum w i t h i n  
6 -14  h o u r s  a n d  a r e l a t i v e l y  r a p i d  d e c r e a s e .  W e  o b s e r v e d  s u c h  a c u r v e  
i n  t h e s e  e x p e r i m e n t s  i n  Dogs 2 1  a n d  495 ( i r r a d i a t e d ) ,  a n d  i n  o n e  
c o n t r o l  a n i m a l  (No.  9 0 4 ) .  The anount  o f  1 1 3 1  a c c u m u l a t e d  b y  t h e  
t h y r o i d  g l a n d ,  2 4  h o u r s  a f t e r  a d m i n i s t r a t i o n ,  w a s  l e s s  for t h e  i r 
r a d i a t e d  d o g s  t h a n  f o r  t h e  c o n t r o l :  212 -+ 90 a n d  260 + 32 i m p u l s e s /  
min ,  r e s p e c t i v e l y  ( p  0 . 0 5 ) .  However ,  i f  w e  exclude-Dog No. 904  
f rom t h e  g r o u p  o f  c o n t r o l  a n i m a l s ,  a n d  N o .  9 f r o m  t h e  g r o u p  o f  
i r r a d i a t e d  d o g s  , t h e n  t h e  p r o b a b i l i t y  o f  a d i f f e r e n c e  becomes  s t a 
: i s t i c a l l y  r e l i a b l e  ( p  < 0.01). 

W i t h i n  1 4  m o n t h s  a f t e r  i r r a d i a t i o n  ( F i g .  l ( B ) I ,  t h e  n a t u r e  o f  
h e  a c c u m u l a t i o n  o f  1 1 3 '  i n  t h e  i r r a d i a t e d  d o g s  w a s  a p p r o x i m a t e l y  
h e  same as  i n  t h e  p r e c e d i n g  e x p e r i m e n t .  However ,  w e  s h o u l d  n o t e  
h a t  i n  t h i s  e x p e r i m e n t  t h e  g e n e r a l  l e v e l  f o r  t h e  a c c u m u l a t i o n  of  

i n  t h e  t h y r o i d  g l a n d  w a s  l - o w e r  t h a n  i n  t h e  p r e v i o u s  s e r i e s  
or t h e  c o n t r o l  a n i m a l s  as w e l l  a s  f o r  t h e  i r r a d i a t e d  d o g s .  Ob
i o u s l y ,  t h e  r e a s o n  f o r  s u c h  a d i f f e r e n c e  i s  t h e  f a c t  t h a t  i n  t h e  
i r s t  case  t h e  f u n c t i o n  o f  t h e  t h y r o i d  g l a n d  w a s  e x a m i n e d  i n  
e b r u a r y  a n d  March ,  w h i l e  i n  t h e  s e c o n d  case i t  w a s  e x a m i n e d  i n  
u g u s t .  H e r e ,  t o o ,  t h e  c u r v e  f o r  t h e  a c c u m u l a t i o n  o f  I l 3 I  i n  o n e  
r r a d i a t e d  a n i m a l  ( N o .  2 1 8 )  w a s  c h a r a c t e r i z e d  b a r a p i d  d e c r e a s e .  
i t h i n  24  h o u r s  a f t e r  t h e  a d m i n i s t r a t i o n  o f  t h e  number  o f  
, u l s e s  f o r  t h e  i r r a d i a t e d  d o g s  w a s  l o w e r  t h a n  �or t h e  c o n t r o l  by  
!6% (t = 2 . 6 8 ;  0 . 1  > p > 0 . 0 5 ) .  A l t h o u g h  t h e  d o g s  w h i c h  c o n t r a c t e d  
3 c u t e  r a d i a t i o n  s i c k n e s s  i n  some c a s e s  showed a n  i n c r e a s e d  p e r c e n 
t a g e  o f  o r g a n i c a l l y - l i n k e d  i o d i n e  i n  t h e  b l o o d  pksma ,  t h e s e  a n i - / 3 9 4  
n a l s  d i d  n o t  show symptoms w h i c h  were  t y p i c a l  o f  h y p e r t h y r e o s i s  C 3 l .  
T h i s  c o n f o r m s  w i t h  t h e  c l i n i c a l  d a t a  C141. 

The t h y r o i d  g l a n d  i s  a r a d i a t i o n - r e s i s t a n t  o r g a n  1 1 8 1 .  T h e r e 
f o r e ,  w e  s c a r c e l y  h a v e  a b a s i s  for a s s u m i n g  t h a t  i t s  d y s f u n c t i o n  
w ' i t h i n  s e v e r a l  m o n t h s  a f t e r  t h e  g e n e r a l  i r r a d i a t i o n  i n  a d o s e  o f  
400 r c a n  b e  e x p l a i n e d  by  d i r e c t  i n j u r y  t o  t h e  t h y r o i d  t i s s u e .  
O b v i o u s l y ,  a d i s o r d e r  i n  t h e  f u n c t i o n  o f  t h e  t h y r o i d  g l a n d  i n d i 
c a t e s  c h a n g e s  i n  t h e  r e g u l a t i o n  o f  i t s  a c t i v i t y  on t h e  p a r t  o f  
t h e  h y p o t h a l a m u s ,  whose  s e n s i t i v i t y  t o  i r r a d i a t i o n  h a s  b e e n  p r o v e n  
i n ' d i s p u t a b l y  1 1 2 ,  1 6 1 .  

T a b l e  1 shows  t h e  r e s u l t s  o f  d e t e r m i n i n g  t h e  c h o l i n e s t e r a s e  
a c t i v i t y  i n  t h e  h y p o t h a l a m u s  a n d  t h a l a m u s  o f  d o g s  w i t h i n  1 4  m o n t h s  
a f t e r  i r r a d i a t i o n .  C o n s i d e r i n g  t h e  c l o s e  f u n c t i o n a l  r e l a t i o n s h i p  
b e t w e e n  t h e  m i d b r a i n  a n d  o t h e r  r e g i o n s  o f  t h e  c e r e b r u m ,  t h e  c h o l i 
n e s t e r a s e  a c t i v i t y  w a s  a l s o  e x a m i n e d  i n  t h e  p r e p e r i f o r m - p e r i a m y g d a 
l a r  a n d  f r o n t a l - l i m b i c  r e g i o n s  o f  t h e  c o r t e x  a n d  i n  t h e  h i p p o -
campus .  The c h o l i n e s t e r a s e  a c t i v i t y  i n  t h e  h y p o t h a l a m u s  w a s  exam

429 



-- 
3 ~T A B L E  1. A C C U M U L A T I O N  OF 1 ~ I N  THE T H Y R O I D  G L A N D ,  A N D  C H O L I N E S -

TERASE (CE) A C T I V I T Y  I N  THE HYPOTHALAMUS A N D  THALAMUS, FOR DOGS 
W I T H  ACUTE R A D I A T I O N  SICKNESS . .. . .  

A c c u m u l a t i o n  
'of I 1 3  J w i t f t  

i n  24  Hours-
No.1 A f t e r  Ad-ICE A c t i v i t y , p m o l e / l O O m g
of  m i n i s t r a t i o n - H y p o - ~-I

Group o f  
A n i m a l s  

C o n t r o l  

M r t m  

I r r a d i a t i o n  

M + m  

P 

t h a l m u s  T h a l a m u s  

10,52 6,42 

6,63 6.55 

10,51 5755 

5,24 9,41 

6,55 10,70 

8 , O l  6,63 
5,64 6,21 

7,54f0,84 7,34*0,69 
(7,5OrtoI99) (7,47*to1 87) 

5$50 3,38 

4,67 5$18 

5;60 3,31 

5,45 4,87 

5,52 5,50 


5,33&0,18 4,4*0,46 
(5,52*O, 02) (4,2&O, 54) 

125 

766 

598 

713 

812 

904 

624' 


495 

9 

23 

22 

21 


-

. .  ._ 

340 

220 

310 

175 

365 

130 

300 


2en1&32 (282&20) 


110 

430 

182 

200 

140 


212&9@ (158f20) 


I <O,OOl (<0,001) <o ,001(<O ,COI) 

NOTE:  The numbers  i n  p a r e n t h e s e s  show t h e  d a t a  w h i c h  e x c l u d e s  9 a n d  
9 0 4  d o g s .  

i n e d  i n  t h e  a n t e r i o r  a n d  p o s t e r i o r  r e g i o n s  s e p a r a t e l y  ( T a b l e  2 ) .  / 3 9 5  

A s  w e  c an  s e e  f r o m  T a b l e s  1 a n d  2 ,  t h e  c h o l i n e s t e r a s e  a c t i v i t y  
i n  t h e  h y p o t h a l a m u s  a n d  t h a l a m u s  o f  t h e  i r r a d i a t e d  d o g s  w a s  s t a t i s 
t i c a l l y  r e l i a b l y  l o w e r  t h a n  i n  t h e  c o n t r o l  ( p  < 0 . 0 0 1 ) .  I n  t h e  
c o n t r o l  d o g s  t h e  c h o l i n e s t e r a s e  a c t i v i t y  i n  t h e  p o s t e r i o r  h y p o 
t h a l a m u s  w a s  h i g h e r  t h a n  i n  t h e  a n t e r i o r  r e g i o n .  I n  t h e  a n i m a l s  
w h i c h  c o n t r a c t e d  s e v e r e  r a d i a t i o n  s i c k n e s s  , t h e  a c t i v i t y  o f  t h i s  
enzyme w a s  l o w e r  t h a n  i n  t h e  c o n t r o l ,  b y  1 9 %  i n  t h e  a n t e r i o r  r e 
g i o n  of  t h e  m i d b r a i n  ( p  < 0 . 0 5 ) ,  a n d  b y  47% i n  t h e  p o s t e r i o r  r e g i o n  
( p  < 0 . 0 5 ) .  

I n  t h e  o t h e r  r e g i o n s  o f  t h e  b r a i n  w h i c h  w e  
f e r e n c e s  i n  t h e  c h o l i n e s t e r a s e  a c t i v i t y  b e t w e e n  
i r r a d i a t e d  d o g s  were  s t a t i s t i c a l l y  u n r e l i a b l e .  

T h u s ,  a d e c r e a s e  i n  t h e  a c c u m u l a t i o n  o f  
g l a n d s  o f  t h e  i r r a d i a t e d  d o g s  i s  a c c o m p a n i e d  by  
c h o l i n e s t e r a s e  a c t i v i t y  i n  t h e  h y p o t h a l a m u s  a n d  
A v e r s o n  P e a r s e  C231 s h o w e d  t h a t  a s t i m u l a t i o n  o f  
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s t u d i e d ,  t h e  d i f 
t h e  c o n t r o l  a n d  

i n  t h e  t h y r o i d  
a d e c r e a s e  o f  t h e  
t h a l a m u s .  

t h e  s u p r a o p t i c  a n d  



T A B L E  2 .  A C C U M U L A T I O N  O F  1 1 3 1  I N  THE T H Y R O I D  G L A N D  A N D  C H O L I N E S T E R A S E  
(CE) A C T I V I T Y  I N  THE A N T E R I O R  A N D  POSTERIOR REGIONS OF THE HYPOTHAL
AMUS (AH A N D  PH) ,  THALAMUS ( T )  , P R E P E R I F O R M - P E R I A M Y G D A L A R  R E G I O N  
( P P ) ,  HIPPOCAMPUS ( H ) ,  A N D  FRONTAL-LIMBIC ( F L )  R E G I O N  OF THE C E R E 
B R A L  C O R T E X ,  A N D  THE CEREBELLUM ( C )  FOR DOGS, 1 4  MONTHS AFTER 

y-IRRADIATION I N  A DOSE OF 4 0 0  r. 

CE A c t i v i t y  ,, 
Group 

A H  I PH 1 T 

C o n t r o l  	 490 $90 8,52 11,33 T;43 1,64 3,90 2,34 9,87 
500 260 8,91 10,94 5,85 1,63 4,08 2,21 10,25 
494 222 8,85 15,81 5,60 1,66 3,67 2,12 5,16 

IIf  -+ m 224 8,73 12,66 6,28 1,64 3,88 2,22 8,43 
+20 k0,12 h1,57 k0,72 9 , O l  &0,14 f U + 8  

I r r a d i a t i o r  	172 150 e,o3 4,92 5,35 1,27 4,O3 4,35 
198 168 7,75 7,73 5,lO 3,61 3,82 2,41 4,12 
218 182 7,70 7,50 4'95 1,48 3,78 2,13 7,96 

M f m  I66 7,13 6,70 5,13 2,12 3,87 2,96 6,,,04-
&9 k,0,56 f0,90 49914 *0,86 *0,09 *0,87 

P >O,O! <0,05 <0,05 <O,l >0,5 >0,5 >oi5- <o; 

N o t e :  The f u n c t i o n  o f  t h e  T h y r o i d  g l a n d  w a s  d e t e r m i n e d  t h e  day 
b e f o r e  t h e  a n i m a l  w a s  k i l l e d .  

p a r a v e n t r i c u l a r  n u c l e i  by  a p r o l o n g e d  a d m i n i s t r a t i o n  o f  t h i o u r a c i l  / 3 9 6  
b r i n g s  a b o u t  a d e c r e a s e  i n  t h e  g e n e r a l  e s t e r a s e  a c t i v i t y  i n  t h e  
s u p r a o p t i c  n u c l e i .  S i m i l a r  c h a n g e s  w e r e  also f o u n d  i n  t h e  n e d i a l  
n u c l e i  o f  t h e  t h a l a m u s .  On t h e  o t h e r  h a n d ,  S c h r e i b e r  E 2 6 1  showed  
t h a t  t h e  a d m i n i s t r a t i o n  o f  t h e  c h o l i n e s t e r a s e  i n h i b i t o r  DFP i n t o  
t h e  h y p o t h a l a m i c  r e g i o n  i n t e n s i f i e s  t h e  h y p e r t r o p h y  o f  t h e  t h y r o i d  
g l a n d  c a u s e d  by  the  g o i t r o g e n i c  s u b s t a n c e s .  

I t  i s  i n t e r e s t i n g  t h a t ,  i n  t h e  m i c r o s c o p i c  e x a m i n a t i o n  o f  t h e  
t h y r o i d  g l a n d  i n  t h e  e x p e r i m e n t a l  d o g s ,  w e  f i r s t  n o t e d  ex t r eme  
h y p e r t r o p h y  a n d  h y p e r p l a s i a  o f  t h e  e p i t h e l i u m ,  a l m o s t  c o m p l e t e  
r e s o r p t i o n  o f  t h e  c o l l o i d ,  a n d  a d e c r e a s e  i n  t h e  n u m b e r  o f  f o l l i 
c l e s  ( F i g .  2 ) .  I t  s e e m e d  o f  d e f i n i t e  i n t e r e s t  t o  e x a m i n e  a n y  
r e l a t i o n s h i p  b e t w e e n  t h e  f u n c t i o n  o f  t h e  t h y r o i d  g l a n d  a n d  t h e  
c h o l i n e s t e r a s e  a c t i v i t y  o f  c e r t a i n  r e g i o n s  i n  t h e  b r a i n  by t h e  c o r 
r e l a t i o n  m e t h o d .  The  c o r r e l a t i o n  c o e f f i c i e n t  ( p s ]  w a s  d e t e r m i n e d  
a c c o r d i n g  t o  S p e a r m a n ' s  f o r m u l a .  
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F i g .  2 .  Thyro id  Gland o f  an I n t a c t  Dob Cbl,  and  1 4  Months A f t e r  
I r r a d i a t i o n  (a ) .  S t a i n i n g  w i t h  Hematoxyl in-Eosin,  75 x. 
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A B48oc L 

I l I . I I I Ia 
I 1 d! i I; zb 2; o 4 8 iz 16 2022 

T i m e  A f t e r  A d m i n i s t e r i n g  T i m e  A f t e r  A d m i n i s t e r i n g  
I l 3 I  h o u r s  I 1 3 1 , h o u r s  

. F i g .  1. A b s o r p t i o n  o f  R a d i o a c t i v e  I o d i n e  by  t h e  T h y r o i d  G l a n d  i n  
Dogs,  9 (A)  a n d  1 4  ( B )  Months A f t e r  G e n e r a l  I r r a d i a t i o n  i n  a Dose 
of  4 0 0  r .  Dogs Nos.  9 ,  21-23, 1 7 2 ,  1 9 8 ,  218, a n d  495 were  I r r a 
d i a t e d ;  t h e  R e m a i n i n g  Numbers a r e  f o r  C o n t r o l  A n i m a l s .  

T A B L E  3.  C O R R E L A T I O N  B E T W E E N  T H E  A C C U M U L A T I O N  O F  1131 IN T H E  T H Y - , 3 9 8  
R O I D  G L A N D  A N D  THE CHOLINESTERASE A C T I V I T Y  I N  THE HYPOTHALAMUS A N D  -

THALAMUS 

Group  

C o n t r o l  . . . . . 
E x p e r i m e n t a l  . . 

Con t r o 1+E xp  e r  i m  e n t  a 1 

;'c 	 Th.e numbers i n  t h e  p a r e n t h e s e s  
9 (see T a b l e  1). 

1131-Thal 1 1 3 1 - ~ ~ ~ ~  
amus 

7 +0,29(+0,54)* -o,i(+o,o2) 
5 -0,i (+0,8) +0,2 (0,O) 

12 + O , M  (fo, 77) +0,25 (+0,59) 

shew d a t a  e x e l u d r n g  dogs. 9 0 4  a n d  
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T a b l e  3 shows  t h e  p s  b e t w e e n  t h e  a c c u m u l a t i o n  o f  1 1 3 1  i n  t h e  
t h y r o i d  g l a n d  a n d  t h e  c h o l i n e s t e r a s e  a c t i v i t y  i n  t h e  h y p o t h a l a m u s  
a n d  t h a l a m u s  f o r  e x p e r i m e n t a l  a n d  c o n t r o l  d o g s .  The p s  b e t w e e n  
t h e s e  i n d i c e s  w a s  a l s o  d e t e r m i n e d  i n  a c o m b i n e d  s e l e c t i o n  ( c o n t r o l
+ 	 e x p e r i m e n t ) .  A s  w e  c a n  s e e  f r o m  T a b l e  3 ,  t h e  p s  w a s  s m a l l  i n  t h e  
c o n t r o l  a n d  e x p e r i m e n t a l  g r o u p s .  However ,  i f  t h e  c a l c u l a t i o n  f o r  
t h e  p s  i n  t h e  c o n t r o l  g r o u p  e x c l u d e s  Dog No. 9 0 4 ,  a n d  e x c l u d e s  Dog 
N o .  9 i n  t h e  e x p e r i m e n t a l  g r o u p ,  t h e n  t h e  p s  b e t w e e n  t h e  a c c u m u l a 
t i o n  o f  I '  3 1  a n d  t h e  c h o l i n e s t e r a s e  a c t i v i t y  i n  t h e  h y p o t h a l a m u s  
i n c r e a s e s  up t o  + 0 . 5 4  a n d  + 0 . 8 0 ,  r e s p e c t i v e l y .  

T h y r o i d  Gland,  
-I_ 

P o s t e r i o r  
H y p o t h a l a m u s  

Cere-- . _  _.-I t0.26 

b e l l u p
T h a 1a m  us . .  . .  

P a l e o c o r t e x  . - _ _ _
4 

A r c h e o c o r t e x  --'i.- 
4 

N e o c o r t e x  . .  _ _  -
F i g .  3 .  C o r r e l a t i o n  C o e f f i c i e n t  b e t w e e n  t h e  A c c u m u l a t i o n  of  1 1 3 1-
a n d  t h e  C h o l i n e s t e r a s e  A c t i v i t y  i n  C e r t a i n  R e g i o n s  o f  t h e  B r a i n .  

F i g u r e  3 shows  t h e  p s  b e t w e e n  t h e  a c c u m u l a t i o n  0.f 1 1 3 '  i n  t h e  
t h y r o i d  g l a n d  a n d  t h e  c h o l i n e s t e r a s e  a c t i v i t y  i n  c e r t a i n  r e g i o n s  o f  
t h e  b r a i n :  t h e  a n t e r i o r  a n d  p o s t e r i o r  r e g i o n s  o f  t h e  h y p o t h a l a m u s ,  
t h a l a m u s ,  c e r e b e l l u m  , preperiform-periamygdalar r e g i o n  o f  t h e  
p a l e o c o r t e x ,  h i p p o c a m p u s  ( a r c h e o c o r t e x ) ,  a n d  t h e  f r o n t a l - l i m b i c  /399  
r e g i o n  o f  t h e  n e o c o r t e x .  I n  t h e  s e r i e s  o f  e x p e r i m e n t s ,  t h e  f u n c 
t i o n  o f  t h e  t h y r o i d  g l a n d  w a s  e x a m i n e d  o n e  d a y  b e f o r e  d e t e r m i n i n g  
t h e  c h o l i n e s t e r a s e  a c t i v i t y .  We s h o u l d  m e n t i o n  t h a t  i n  d e t e r m i n i n g  
t h e  p s  b e t w e e n  t h e  i n d i c e s  b e i n g  e x a m i n e d ,  t h e  e x p e r i m e n t a l  a n d  
c o n t r o l  g r o u p s  were  c o m b i n e d .  From t h e  p o i n t  o f  v i e w  o f  s t a t i s t i c s ,  
w e  d i d  t a k e  l i b e r t i e s  i n  t h i s  case i n  c o m b i n i n g  s e l e c t i o n s  o f  
d i f f e r e n t  t y p e s .  

I n  a n a l y z i n g  F i g u r e  3 ,  w e  s h o u l d  n o t e  t h e  f a c t  t h a t  t h e  v a l u e  
f o r  t h e  c o r r e l a t i o n  c o e f f i c i e n t  d e c r e a s e s  f r o m  t h e  a n t e r i o r  r e g i o n s  
o f  t h e  h y p o t h a l a m u s  t o  t h e  n e o c o r t e x .  The m o s t  p r o n o u n c e d  p o s i t i v e  
r e l a t i o n s h i p  f o r  t h e  f u n c t i o n  o f  t h e  t h y r o i d  g l a n d  i s  o b s e r v e d  i n  
t h e  a n t e r i o r  r e g i o n  o f  t h e  h y p o t h a l a m u s  ( p s  = + 0 . 9 5 ) ,  wh ich  c o n 
f o r m s  w i t h  c e r t a i n  p h y s i o l o g i c a l  s t u d i e s  on t h e  r e g u l a t i o n  o f  t h e  
t y r o t r o p i c  f u n c t i o n  o f  t h e  h y p o p h y s i s ,  m a i n l y  b y  t h e  n u c l e i  o f  t h e  
a n t e r i o r  r e g i o n  o f  t h e  m i d b r a i n  C1 ,15 ,171 .  Many s o - c a l l e d  e x t r a -
h y p o t h a l a m i c  r e g i o n s  o f  t h e  b r a i n  a l s o  h a v e  a d e f i n i t e  r e g u l a t o r y  
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r o l e  i n  r e l a t i o n  t o  t h e  e n d o c r i n e  f u n c t i o n s .  However ,  t h e s e  e f f e c t s  
do  n o t  d i r e c t l y  i n v o l v e  t h e  n u c l e i  o f  t h e  h y p o t h a l a m u s  C 6 l .  T h e r e  
a r e  d a t a  w h i c h  show a d i r e c t  r e l a t i o n s h i p  b e t w e e n  t h e  h y p o t h a l a m i c  
r e g i o n  a n d  t h e  c e r e b r a l  c o r t e x ,  p a r t i c u l a r l y  i n  t h e  l i m b i c  a n d  
o r b i t a l  r e g i o n s  o f  t h e  h e m i s p h e r e .  The r e l a t i o n s h i p s  t o  t h e  l i m b i c  
r e g i o n  p r o b a b l y  o c c u r  w i t h i n  t h e  l i m i t s  o f  a d e f i n i t e  f u n c t i o n a l  
s p h e r e  wh ich  i n c l u d e s  t h e  mammilary c o r p o r a ,  t h e  a n t e r i o r  n u c l e u s  
o f  t h e  t h a l a m u s  o p t i c u s  , t h e  l i m b i c  c o r t e x ,  t h e  h i p p o c a m p u s ,  t h e  
f o r n i x ,  a n d  t h e  mammilary  c o r p o r a  a g a i n  [ 1 9 1 .  The c o r r e l a t i o n  
c o e f f i c i e n t s  f o r  t h e  t h y r o i d  g l a n d - c e r e b e l l u m  a n d  t h e  t h y r o i d  g l a n d -
p o s t e r i o r  h y p o t h a l a m u s  a r e  v e r y  c l o s e  i n  v a l u e :  to. 70 and  to. 7 7 ,  
r e s p e c t i v e l y .  I t  i s  i n t e r e s t i n g  t h a t  t h e  e f f e c t  o f  t h e  c e r e b e l l u m  
on t h e  v e g e t a t i v e  f u n c t i o n s  of  a n  o r g a n i s m  o c c u r  ( a s  t h e  s t u d i e s  
o f  L . A .  O r b e l i  e t  a l .  showed [ 9 , 1 1 ] ,  i n d i r e c t l y )  t h r o u g h  t h e  e f f e c t  
on t h e  h y p o t h a l a m i c  a n d  t h a l a m i c  c e n t e r s .  O b v i o u s l y  t h e  c o r r e l a 
t i o n  c o e f f i c i e n t s  o b t a i n e d  f o r  t h e  a c c u m u l a t i o n  o f  I I 3 l  a n d  t h e  
c h o l i n e s t e r a s e  a c t i v i t y  c o u l d  r e f l e c t  ( t o  some d e g r e e )  t h e  f u n c t i o n a l  
l i n k s  b e t w e e n  t h e  t h y r o i d  g l a n d  a n d  v a r i o u s  r e g i o n s  o f  t h e  c e r e b r u m .  
I t  i s  c e r t a i n  t h a t  t h e  c o r r e l a t i o n  c o e f f i c i e n t s  p r e s e n t e d  do  n o t  
i n  any  way r e f l e c t  a c a u s e - e f f e . c t  r e l a t i o n s h i p .  However ,  t h e y  
c a n  b e  u s e d  i n  a n a l y z i n g  t h e  i n t e r r e l a t e d  f u n c t i o n s  o f  t h e  e n d o c r i n e  
g l a n d s  a n d  d i f f e r e n t  r e g i o n s  of t h e  b r a i n ,  b o t h  as a norm a n d  f o r  
e x a m i n i n g  v a r i o u s  e x t r e m a 1  e f f e c t s  o f  s p a c e  f l i g h t .  
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RATE OF POST-RADIATIONAL RECOVERY 8 WITH P A R T I A L  
SHIELDING OF ORGANS I N  THE ABDOMINAL CAVITY 

V.I .  D a v y d o v ,  V.S. M o r o z o v ,  a n d  B . L .  R a z g o v o r o v  

ABSTRACT:  The p e r i o d  of h a t f - r e c o v e r y  i n  mice  
and r a t s ,  w i t h  t h e  upper  p a r t  of t h e  a n i m a l ' s  
body s h i e Z d e d ,  was d e t e r m i n e d  by t h e  method of 
r e p e a t e d  i r r a d i a t i o n .  The mass of s h i e Z d e d  
t i s s u e  was a b o u t  1 2 %  of t h e  e n t i r e  body mass,  and 
t h e  remanent  dose beyond t h e  s h i e Z d  was 3 - 5 . 5 % .  

The h a Z f - r e c o v e r y  p e r i o d  for t h e  p r o t e c t e d
anima 2s was approx imate  Zy t h r e e  t i m e s  Zess t h a n  
for t h e  c o n t r o t s .  

S t u d i e s  i n v o l v i n g  a n  e x p l a n a t i o n  o f  t h e  r a t e  o f  r e c o v e r y  p r o - /400  
c e s s e s  f o l l o w i n g  n o n - u n i f o r m  i r r a d i a t i o n  of t h e  body  a r e  o f  g r e a t  
i n t e r e s t  i n  s p a c e  r a d i o b i o l o g y  , s i n c e  t h e  c o n t r i b u t i o n s  o f  i n d i 
v i d u a l  s y s t e m s  a n d  o r g a n s  t o  c o m p e n s a t i o n  f o r  r a d i a t i o n  damage a r e  
u n q u e s t i o n a b l y  d i s s i m i l a r .  

A number  o f  a u t h o r s  [ 1 , 4 , 7 ]  h a v e  a t t e m p t e d  t o  e v a l u a t e  t h e  
r a t e  o f  r e c o v e r y  a f t e r  p a r t i a l  o r  n o n - u n i f o r m  i r r a d i a t i o n  o f  a n i 
m a l s .  A f t e r  n o n - u n i f o r m  o r  p a r t i a l  i r r a d i a t i o n  o f  d o g s  ( t h e  h e a d  / 4 0 1  
r e c e i v e d  a d o s e  o f  845  r ,  t h e  t r u n k  a d o s e  o f  1 7 5  r ) ,  t h e  p e r i o d  
of  h a l f - r e c o v e r y  l a s t e d  8 . 6  d a y s  a n d  w a s  c l o s e  t o  t h e  same c h a r 
a c t e r i s t i c  f o r  a g e n e r a l  u n i f o r m  i r r a d i a t i o n  a t  a d o s e  o f  1 7 5  r 
( 7  d a y s ) ;  f o r  a u n i f o r m  i r r a d i a t i o n  a t  a d o s e  o f  300  r ,  i t  l a s t e d  
1 6 . 9  d a y s  C11. F o r  r a t s ,  w i t h  o n l y  t h e  l o w e r  h a l f  o f  t h e  body  
i r r a d i a t e d ,  t h e  p e r i o d  of  h a l f - r e c o v e r y  l a s t e d  1 . 7  d a y s ,  w h i l e  i t  
l a s t e d  7 d a y s  f o r  i r r a d i a t i o n  o f  t h e  u p p e r  h a l f  o f  t h e  body  C51. 

O b v i o u s l y ,  w e  c a n  s t a t e  t h a t ,  f o r  e a c h  r e g i o n  o r  o r g a n  ( o r  a t  
l e a s t  f o r  t h e  mos t  r a d i a t i o n - s e n s i t i v e  r e g i o n s  o f  t h e  b o d y )  t h e r e  
a r e  v a r i o u s  c o e f f i c i e n t s  f o r  t h e  r a t e  o f  r e c o v e r y  ( B ) ,  t h e  sum 
t o t a l  o f  w h i c h  ( a n d p o s s i b l y  a more complex  c o m b i n a t i o n )  a l s o  g i v e s  
B f o r  g e n e r a l  i r r a d i a t i o n .  I n  a f i r s t  a p p r o x i m a t i o n ,  w e  c a n  c o n 
s i d e r  t h a t  B 1  > 8 2 ,  w h e r e  61 i s  t h e  r a t e  o f  r e c o v e r y  f o r  t h e  o r g a n s  
i n  t h e  a b d o m i n a l  c a v i t y  ( m a i n l y  t h e  i n t e s t i n e ) ,  a n d  6 2  i s  t h e  r a t e  
o f  r e c o v e r y  f o r  t h e  h e m o p o i e t i c  s y s t e m .  W e  s h o u l d  m e n t i o n ,  h o w e v e r ,  
t h a t  -this c a n  b e  v a l i d  o n l y  f o r  t h e  m e t h o d  o f  r e p e a t e d  i r r a d i a t i o n ,  
f o r  t h e  r e p a r a t i v e  p r o c e s s e s  a t  t h e  l e v e l  o f  t h e  t i s s u e s  a n d  t h e  
c e l l s ,  a n d  ( t o  a l e s s e r  d e g r e e )  f o r  t h e  r e g u l a t o r y  f u n c t i o n s  o f  a n  
o r g a n i s m .  

The a u t h o r s  a t t e m p t e d  t o  e x a m i n e  t h e  e f f e c t  o f  s h i e l d l n g  
o r g a n s  ( i n  p a r t i c u l a r ,  t h e  o r g a n s  i n  t h e  a b d o m i n a l  c a v i t y  or s e p a 
r a t e  s e c t i o n s  o f  t h e  b o d y )  on t h e  r a t e  o f  t h e  r e c o v e r y  p r o c e s s e s .  
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The e x p e r i m e n t s  were c o n d u c t e d  on 410  w h i t e  mice ( m a l e s )  
w e i g h i n g  1 9 - 2 2  g ,  a n d  on 6 0 0  r a t s  o f  b o t h  s e x e s  ( 5 0 %  male + 5 0 %  
f e m a l e )  w e i g h i n g  220-250 g .  The a n i m a l s  were s u b j e c t e d  t o  a g e n 
e r a l  y - i r r a d i a t i o n  i n  a n  e x p e r i m e n t a l  i r r a d i a t o r  w i t h  a c h a r g e  o f  
Co60, a t  a d o s e  r a t e  o f  1 2  r / m i n .  

For t h e  f i r s t  i r r a d i a t i o n ,  we s h i e l d e d  t h e  u p p e r  r e g i o n  o f  a n  
a n i m a l  ( i n  h a l f  t h e  a n i m a l s )  w i t h  t h e  a i d  o f  m e t a l  p l a t e s  w i t h  a 
w i d t h  o f  1 c m  for t h e  mice a n d  2 c m  for t h e  r a t s .  The d e n s i t y  o f  
t h e  s h i e l d  i n  t h e  f i r s t  case was 9 0  g / cm,  a n d  1 1 7  g/cm i n  t h e  s e c o n d  
c a s e .  For t h e  r a t s ,  t h e  mass o f  s h i e l d e d  t i s s u e  w a s  a b o u t  1 2 %  o f  
t h e  e n t i r e  mass o f  t h e  b o d y ,  w h i l e  t h e  r e m a n e n t  d o s e  b e y o n d  t h e  
s h i e l d  w a s  a b o u t  3 . 5 % .  For t h e  m i c e ,  t h e s e  v a l u e s  were somewhat  
h i g h e r ,  5 . 5 % .  The m e t h o d s  f o r  s h i e l d i n g  t h e  o r g a n s  i n  t h e  abdomi 
n a l  c a v i t y  a n d  f o r  i r r a d i a t i n g  t h e  a n i m a l s  h a v e  b e e n  d e s c r i b e d  i n  
g r e a t e r  d e t a i l  i n  s t u d i e s  by B . L .  R a z g o v o r o v ,  V.S. Morozov,  e t  a l . ,  
C 2 - 3 1 .  

The c o n t r o l  a n d  p r o t e c t e d  mice w e r e  s u b j e c t e d  t o  an i n i t i a l  
i r r a d i a t i o n  w i t h  d o s e s  o f  3 0 0 , 5 0 0 , 7 0 0 ,  a n d  900  r; a f t e r  5 d a y s ,  
t h e y  were a l l  i r r a d i a t e d  a g a i n  w i t h  a d o s e  o f  600 r .  The c o n t r o l  
r a t s  w e r e  i r r a d i a t e d  f i r s t  w i t h  a d o s e  o f  360 r ,  a n d  t h e  s h i e l d e d  
r a t s  w i t h  a d o s e  o f  840 r .  All t h e  r a t s  w e r e  i r r a d i a t e d  a g a i n  
w i t h  d o s e s  f r o m  4 0 0  t o  800  r ,  2 ,  7 ,  1 4 ,  a n d  2 1  d a y s  a f t e r  t h e  f i r s t  
i r r a d i a t i o n .  

I n  o r d e r  t o  d e t e r m i n e  t h e  e f f e c t i v e  d o s e ,  w e  + t t e d  t h e  c a l i 
b r a t i o n  d o s e - e f f e c t  c u r v e s  f o r  a g e n e r a l  y - i r r a d i a t i o n  o f  mice a n d  
r a t s  a t  d o s e  r a t e s  o f  280 a n d  1 2  r / m i n ,  r e s p e c t i v e l y .  The c a l i 
b r a t i o n  c u r v e s  w e r e  e x p r e s s e d  i n  t h e  f o r m  o f  r e g r e s s i o n  e q u a t i o n s :  / 4 0 2  

l o g  D = 2 .380  + 0 . 0 9 7 - P  ( f o r  t h e  r a t s ) ,  a n d  
l o g  D = 2 . 2 2 5  + O.llO*P (for t h e  m i c e ) ,  

w h e r e  D i s  t h e  i r r a d i a t i o n  d o s e ,  a n d  P i s  t h e  f a t a l i t y  r a t e ,  i n  
d e a t h s .  

The f i t  o f  t h e  d e a t h - l i n e s  t o  t h e  e x p e r i m e n t a l  p o i n t s  w a s  
t e s t e d  w i t h  t h e  a i d  o f  t h e  c r i t e r i o n  x2. I n  b o t h  c a s e s ,  t h e  c o i n 
c i d e n c e  o f  t h e  e x p e r i m e n t a l  d a t a  w i t h  t h e  e q u a t i o n s  f o r  t h e  d e a t h -
l i n e s  was s t a t i s t i c a l l y  r e l i a b l e  ( p  < 0 . 0 0 5 ) .  

The r e s u l t s  o f  t h e  e x p e r i m e n t s  c o n d u c t e d  a r e  shown i n  T a b l e s  
1 a n d  2 .  I n  a n a l y z i n g  t h e  e x p e r i m e n t a l  m a t e r i a l s  a n d  c a l c u l a t i n g  
t h e  h a l f - r e c o v e r y  p e r i o d s  ( 8 0 . 5 )  a n d  t h e  c o n s t a n t s  f o r  t h e  r e 
c o v e r y  ( B ) ,  we u s e d  t w o  m o d e l s :  a n  e x p o n e n t i a l  m o d e l  w i t h o u t  an 
i r r e v e r s i b l e  componen t  ( f  = O . O ) ,  a n d  o n e  w i t h  f = 0 . 1 - 0 . 2 .  

I t  f o l l o w s  f r o m  T a b l e  1 t h a t  t h e  v a l u e  o f  f3 f o r  t h e  c o n t r o l  
mice i s  0 . 1 8 2 - 0 . 0 9 9 ,  w h i l e  i t  i s  0 . 5 3 0 - 0 . 4 0 5  f o r  t h e  m i c e  wh ich  
w e r e  s h i e l d e d  a r o u n d  t h e  abdomen.  We s h o u l d  n o t e  t h a t  t h e  v a l u e  
f o r  6 d e p e n d s  on t h e  d o s e  i n  t h e  f i r s t  i r r a d i a t i o n .  F i g u r e  1 shows 
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TABLE 1: V A L U E  FOR 
y-IRRADIATION, W I T H  

C o n t r o l  

S h i e l d i n g a  
o f . t h e

A b d o m i n a l  
R e g i o n  

REMANENT R A D I A T I O N  DAMAGE I N  M I C E ,  5 DAYS AFTER 
A N D  W I T H O U T  SHIELDING O F  THE A B D O M I N A L  R E G I O N .  

-
,+ 

h R Q VI
Q 5  n 

n 
\ > i 

n id 
Fc -Jw (vw a 

n 4 Q In 
m I I 

Q -
Cl 
w 

Q 
w 0 

(f -0.0) 

- v- _.v h 

600 17 53,o 650 120 0,400 0,182
600 16 81.3 780 250 0,500 0,138
600 20 W,O 880 350 0,500 0,138
600 20 100.0 1030 500 0,555 0,099

37,3)+ 

600 20 10,o 462 -68 -0,227 >0,530 

600 20 30,O 560 30 	 0,060 0,530 
10,1501 W 6 4 1  

600 17 41,1 600 70 	 0,  IC0 0,460 
10,2501 [0,2761 

600 20 50,O 645 115 	 0,128 0,405 
[0,320] [0,2301 

600 17 23,5 530 - - (e) 

' " S h i e l d i n g  d u r i n g  t h e  f i r s t  i r r a d i a t i o n  ( D 1  1. 
$:'"The p e r c e n t a g e  o f  d e a t h s  for a d o s e  o f  9 0 0  r a r e  g i v e n  i n  

p a r e n t h e s e s .  T h i s  w a s  o b t a i n e d  a c c o r d i n g  t o  t h e  f o r m u l a :  
l o g  D 1  = 1 . 2 5 0  + 0.246-P, w h e r e  P i s  t h e  m o r t a l i t y  i n  d e a t h s .  The 
numbers  i n  t h e  b r a c k e t s  g i v e  t h e  d a t a  o b t a i n e d  by  c a l c u l a t i n g  t h e  
c o e f f i c i e n t  o f  t h e  d e c r e a s e  i n  t h e  b i o l o g i c a l  e f f e c t  of t h e  r a d i a 
t i o n  for s h i e l d i n g  t h e  abdomen as e q u a l  t o  - 2 . 5  [ S I .  

t h e  d a t a  on t h e  c h a n g e  i n  t h e  d e g r e e  o f  t h e  r e m a n e n t  damage v e r s u s  / 4 0 3  

t h e  f i r s t  i r r a d i a t i o n .  I t  i s  i n t e r e s t i n g  t h a t  w i t h i n  5 d a y s  a f t e r  

i r r a d i a t i o n  w i t h  a d o s e  o f  300 r ( s h i e l d i n g  t h e  a b d o m i n a l  r e g i o n )  

L o  < 0 , i . e .  , t h e  r a d i a t i o n - s e n s i t i v i t y  o f  t h e s e  a n i m a l s  t o  t h e  

r e p e a t e d  i r r a d i a t i o n  w a s  l o w e r e d ,  w h i l e  f o r  t h e  o t h e r  g r o u p s ,  L O  > O .  

The d a s h e s  show t h e  e x t r a p o l a t e d  p a r t  o f  C u r v e  1 ( f o r  t h e  c o n t r o l  

a n i m a l s ) .  C u r v e s  1 a n d  2 c o r r e l a t e  w i t h  e a c h  o t h e r .  The h a l f - 

r e c o v e r y  p e r i o d  f o r  t h e  a n i m a l s  w h i c h  w e r e  s h i e l d e d  i n  t h e  a b d o m i n a l  

r e g i o n  i s  a p p r o x i m a t e l y  3 . 8  t i m e s  l e s s  t h a n  f o r  t h e  c o n t r o l  mice.  

We c a n  a s sume  t h a t t h i s  i s  l i n k e d  w i t h  t h e  d e c r e a s e  i n  t h e  b i o l o g i  

c a l  e f f e c t  o f  t h e  r a d i a t i o n  by  s h i e l d i n g  t h e  a b d o m i n a l  r e g i o n .  If 

w e  t a k e  t h e  c o e f f i c i e n t  f o r  t h e  d e c r e a s e  i n  t h e  b i o l o g i c a l  e f f e c t  

o f  t h e  r a d i a t i o n  p r o d u c e d  s h i e l d i n g  t h i s  r e g i o n ,  as e q u a l  t o 
- 2 . 5  [ S I ,  t h e n  t h e  c o r r e s p o n d i n g  c a l c u l a t i o n s  show t h a t  t h e  r a t e  
o f  r e c o v e r y  u n d e r  t h e  s h i e l d e d  c o n d i t i o n s  i s  a l s o  a p p r o x i m a t e l y  
t w i c e  as h i g h  as f o r  t h e  c o n t r o l  a n i m a l s  ( T a b l e  1). 
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TABLE 2 :  EFFECT OF SHIELDING THE ORGANS I N  THE A B D O M I N A L  C A V I T Y  O N  
T H E  RATE OF R E C O V E R Y  FROM R A D I A T I O N  D A M A G E  I N  R A T S .  

G r o u p  

I 

C o n t r o l  

S h i e l d i n g
t h e  

Abdomina: 
Region 


S h i e l d i n g  

& 
m 

h 

N Band 
Q 

I y o . 5 3  

Q 
w d a y s  

W - ~ 

400 8 37.5 675 275 0,76C 
360 500 8 50.0 735 235 0.65: 

600 8 87.5 930 330 0 92C 

360 
500 
600 

8 
8 

50.0 735 
00.0 

235 0,655- -
700 8 00.0 - - -
550 8 25,O 630 80 rJ,222 

360 675 8 75.0 840 165 0,460 
800 8 87,5 930 130 0.360 
550 8 62.5 780 230 0,640 

360 675 
800 

8 
8 

62.5 780 
00,o -

105 0,292- -
400 8 75-0 840 440 0,525 

840 500 8 87.5 930 430 D.51U 
600 8 00,o - - -
50c 8 50.0 735 235 3,280 

840 600 8 75.0 840 240 3,286 
700 8 87.5 930 230 3,274 

340 
550 
675 

8 
8 

75.0 840 
00.0 -

290 1,345- -
- - -800 8 00,o 

550 7 71.4 810 160 1,309 
340 675 8 87.5 930 155 1,302 

800 8 00,o  - 1  -

d u r i n g  t h e  F i r s t  i r r a d i a t i o n .  
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T a b l e  2 shows  t h e  c a l c u l a t i  o n s  o b t a i n e d  i n  d e t e r m i n i n g  6 w i t h  / 4 0 4  
f = O . O O  a n d  f = 0 .201 ,  f o r  r a t s  w i t h  s h i e l d e d  abdomens  a n d  c o n t r o l  

" -
,= 

P 

Dose , r  Days 

F i g .  1 F i g .  2 

F i g .  1. V a l u e  f o r  t h e  Remanent  R a d i a t i o n  Damage i n  Mice V e r s u s  t h e  
Dose i n  t h e  F i r s t  I r r a d i a t i o n .  ( 1 )  G e n e r a l  I r r a d i a t i o n :  ( 2 )  I r r a d i 
a t i o n  w i t h  S h i e l d i n g  o f  t h e  Abdomina l  R e g i o n ;  ( 3 )  S a m e  as ( 2 1 ,  b u t  
C o n s i d e r i n g  t h e  Weaken ing  o f  t h e  B i o l o g i c a l  E f f e c t  o f  t h e  R a d i a t i o n  
by  S h i e l d i n g  t h e  Abdomen. (On t h e  l e f t  s i d e - )  D e g r e e  o f  Remanent  
Damage; (On t h e  b o t t o m - )  T i m e  A f t e r  I r r a d i a t i o n ,  Days .  

F i g .  2 .  Decrease i n  t h e  D e g r e e  of  Remanent  R a d i a t i o n  Damage f o r  
G e n e r a l  I r r a d i a t i o n  (1) a n d  S h i e l d i n g  t h e  Abdomina l  R e g i o n  ( 2 ) ;
f' a n d  f" a r e  t h e  V a l u e s  o f  t h e  I r r e v e r s i b l e  Component ,  1 0  a n d  2 0 % ,  
R e s p e c t i v e l y .  (On t h e  l e f t  s i d e - )  D e g r e e  of Remanent  Damage; (On 
t h e  b o t t o m - )  Time A f t e r  I r r a d i a t i o n ,  Days .  

r a t s ;  F i g u r e  2 shows  t h e  r e l a t i o n s h i p  b e t w e e n  t h e  d e g r e e  o f  r e m a n e n t  
damage a n d  t h e  t i m e  a f t e r  t h e  f i r s t  i r r a d i a t i o n .  The v a l u e s  ob
t a i n e d  f o r  T0.5 a r e  t h e  f o l l o w i n g :  10 d a y s  f o r  t h e  c o n t r o l  a n i m a l s  
(f = O . O ) ,  a n d  6 d a y s  ( f  = 0 . 2 ) ;  f o r  t h e  r a t s  w i t h  s h i e l d i n g  o f  
t h e  o r g a n s  o f  t h e  a b d o m i n a l  c a v i t y ,  3 a n d  2 d a y s ,  r e s p e c t i v e l y .  
T h u s ,  t h e  2 1 0 . 5  f o r  t h e  r a t s  w h i c h  were  s h i e l d e d  a r o u n d  t h e  abdomi 
n a l  c a v i t y ,  j u s t  as for t h e  m i c e ,  i s  3 t i m e s  l e s s  t h a n  f o r  t h e  con
t r o l  a n i m a l s .  

O b v i o u s l y ,  t h e r e  a r e  n o  c o n t r a d i c t i o n s  b e t w e e n  o u r  d a t a  a n d  / 4 0 5  
t h e  r e s u l t s  o b t a i n e d  by  B l a i r ,  who showed  t h a t  t h e  r a t e  o f  r e c o v e r y  
a f t e r  i r r a d i a t i n g  t h e  a b d o m i n a l  c a v i t y  w a s  h i g h e r  t h a n  when it w a s  
s h i e l d e d .  The f a c t  i s  t h a t  if  w e  e x a m i n e  t h e  r e c o v e r y  f r o m  t h e  
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' I f  t h e  v a l u e  f = 0 . 1  + 0 . 1  ( 0 . 0 0 - 0 . 2 0 ) ,  t h e  e r r o r  i n  d e t e r m i n i n g  
t h e  h a l f - r e c o v e r y  p e r i o d  w i l l  n o t  b e  g r e a t e r  t h a n  1 7 %  [SI. 



r a d i a t i o n  damage w i t h  s h i e l d i n g  o f  t h e  a b d o m i n a l  r e g i o n ,  i n  t h i s  
case t h e  r e c o v e r y  r a t e  d e t e r m i n e d  w i l l  b e  l o w e r  t h a n  f o r  i r r a d i a t i o n  
o f  t h e  a b d o m i n a l  r e g i o n  a l o n e .  I n  o u r  e x p e r i m e n r s ,  t h e  r e c o v e r y  
r a t e  was e x a m i n e d  f o r  h e t e r o g e n e o u s  i r r a d i a t i o n ,  i . e . ,  t h e  f i r s t  
d o s e  ( w i t h  s h i e l d i n g )  a n d  t h e  s e c o n d  d o s e  ( w i t h o u t  i t ) .  

Remanent  Dose Beyond l o g  L D 5 0  , r ( y )t h e  S h i e l d , l o g %  

F i g .  3 .  Nomogram Showing  t h e  R e l a t i o n s h i p  Be tween  t h e  S u r v i v a l  
R a t e ,  t h e  Remanent  Dose Beyond t h e  S h i e l d ,  a n d  t h e  Dose f o r  I r r a 
d i a t i n g  t h e  R a t s .  ( 1 )  7 4 0 ;  ( 2 )  9 0 0 ;  ( 3 )  1 0 0 0 ;  ( 4 )  1 5 0 0  r ;  ( 5 )  L i n e  
f o r  D e t e r m i n g  t h e  O t h e r  D o s e s .  

We c a n  a s sume  t h a t ,  i f  ID$ + D21 = lDdl , t h e n  t h e  a c c e l e r a t e d  
r e c o v e r y  w h i c h  w a s  f o u n d  i s ,  i n  f a c t ,  i n v a l i d ;  if hD$ + D21 < Dd ,
t h e n  an a c c e l e r a t i o n  i s  a c t u a l l y  n o t  o b s e r v e d .  ID, + D'l a n d  lDdl 
a r e  t h e  b i o l o g i c a l  e f f e c t s  ( f o r  e x a m p l e ,  t h e  p e r c e n t a g e  o f  d e a t h s )  
o f  a n  i r r a d i a t i o n  r e p e a t e d  t w i c e  a f t e r  t h e  c o r r e s p o n d i n g  t i m e  i n 
t e r v a l ,  a n d  a n o n - u n i f o r m  s i n g l e  i r r a d i a t i o n ,  r e s p e c t i v e l y  ( i n  o u r  
c a s e  , t h e  i r r a d i a t i o n  i s  n o n - u n i f o r m  b e c a u s e  t h e  a b d o m i n a l  r e g i o n  
i s  s h i e l d e d ) ;  D,k i s  t h e  e f f e c t i v e  d o s e  f o r  t h e  s h i e l d e d  a n i m a l s ,  
d e t e r m i n e d  by  t h e  a s s u m p t i o n  t h a t  t h e  r e c o v e r y  r a t e  i s  t h e  same as 
for t h e  c o n t r o l s ,  i . e . ,  B ( f  = 0 . 2 )  = 0 . 1 1 5 ;  D2 i s  t h e  s e c o n d  d o s e  
o f  i r r a d i a t i o n ;  Dd i s  t h e  d o s e  w i t h  h e t e r o g e n o u s  or n o n - u n i f o r m  
i r r a d i a t i o n ,  w i t h  a r e m a n e n t  d o s e  d(%) of  t h e  i r r a d i a t i o n  b e y o n d  
t h e  s h i e l d .  

I n  o r d e r  t o  c o n d u c t  t h e  c o r r e s p o n d i n g  c a l c u l a t i o n s  shown i n  / 4 0 6  
T a b l e  3 ,  we f i r s t  d e t e r m i n e d  t h e  r e l a t i o n s h i p  b e t w e e n  t h e  s u r v i 
v a l  r a t e  f o r  t h e  a n i m a l s  a n d  t h e  v a l u e  f o r  t h e  r e m a n e n t  d o s e  b e y o n d  
t h e  s h i e l d  a n d  t h e  d o s e  o f  i r r a d i a t i o n ,  on t h e  b a s i s  of t h e  e x p e r i 
m e n t a l  d a t a  ( F i g .  3 ) .  As w e  c a n  s e e  f r o m  t h i s  nomogram, L i n e s  2 ,  
3 ,  a n d  4 a r e  p a r a l l e l  t o  e a c h  . 3 t h e r .  Curve  1 o f  t h i s  f i g u r e  was 
c o n s t r u c t e d  on t h e  b a s i s  o f  a c c e p t i n g  a r e c t i l i n e a r i t y  for a l l  t h e  
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c o r r e s p o n d i n g  l i n e s ,  a t  l e a s t  w i t h i n  t h e  r a n g e  of d o s e s  o f  7 0 0 
1 5 0 0  r .  

T A B L E  3: COMPARISON OF THE B I O L O G I C A L  EFFECT FOR A TWICE-REPEATED 
I R R A D I A T I O N  ( D l  W I T H  SHIELDING A N D  D 2  W I T H O U T  I T ) ,  A N D  FOR A SINGLE 
HETEROGENEOUS I R R A D I A T I O N  (PARTIAL S H I E L D I N G  OF THE ORGANS I N  THE 

A B D O M I N A L  CAVITY) 

840a 500 87,s 688 1188 37,8 1188 37.8 g1,3 3f8
84Oa 400 75.0 688 1088 36,8 1088 36,g 7 8 , ~  3t8600 75.0 468 1068 56.0 1068 56.0 90.4 14,4
840b 500 50.0 468 968 51,5 968 51,s 6.1.8 11.8 

I n  o r d e r  t o  o b t a i n  t h e  l i n e  f o r  t h e  o t h e r  d o s e s  w h i c h  a r e  n o t  
g i v e n  i n  F i g u r e  3 ,  w e  c a n  u s e  l i n e  5 ,  or t h e  f o r m u l a  w h i c h  e s t a b 
l i s h e s  a r e l a t i o n s h i p  b e t w e e n  t h e  r e m a n e n t  d o s e  b e y o n d  t h e  s h i e l d  
( s h i e l d - w i d t h  o f  2 c m )  a n d  L D 5 0 1 3 0 :  

l o g  (LD50/30)  = 3 . 3 8 9  - 0 . 2 6 5 ' l o g  d 5 0 .  

I t  f o l l o w s  f r o m  T a b l e  3 t h a t  t h e  m o r t a l i t y  for a t w i c e - r e p e a t e d  
i r r a d i a t i o n  i s  l o w e r  t h a n  f o r  a s i n g l e  n o n - u n i f o r m  i r r a d i a t i o n .  
T h u s ,  t h e  d i f f e r e n c e  i n  m o r t a l i t y  r a t e s  b e t w e e n  t h e  s i n g l e  a n d  t w i c e -
r e p e a t e d  i r r a d i a t i o n s  w i t h  a n  i n t e r v a l  o f  2 d a y s  w a s  +3.8 ( 7  d a y s ,  
1 1 . 8  t o  + 1 4 . 4 % ) .  

I n  o u r  e x p e r i m e n t s ,  i n  o r d e r  t o  d e t e r m i n e  D,k, w e  u s e d  f3 f o r  
a g e n e r a l  u n i f o r m  i r r a d i a t i o n ,  a l t h o u g h ,  i f  w e  e x c l u d e  t h e  e f f e c t  
o f  t h e  o r g a n s  i n  t h e  a b d o m i n a l  c a v i t y  on t h e  r e c o v e r y  p r o c e s s e s ,  
@ s h o u l d  b e  much l e s s  f o r  t h e  r e m a i n i n g  o r g a n s  o f  t h e  b o d y .  T h u s ,  
i f  w e  c o n d u c t  o u r  c a l c u l a t i o n s  w i t h  < 0 . 1 1 5 ,  t h e  d i f f e r e n c e  f o u n d  
b e t w e e n  t h e  d e a t h s  o f  t h e  a n i m a l s  f o r  t h e s e  v a r i a t i o n s  o f  i r r a d i 
a t i o n  w i l l  b e  much g r e a t e r .  The d e f i c i t  f o u n d  f o r  A ( 2 ) - ( 1 )  T a b l e  
3 )  shows t h e  p r e s e n c e  o f  a more  i n t e n s i v e  p o s t r a d i a t i o n  r e c o v e r y  / 4 0 7  
a f t e r  a p a r t i a l  s h i e l d i n g  o f  t h e  o r g a n s  i n  t h e  a b d o m i n a l  c a v i t y  
t h a n  a f t e r  a g e n e r a l  i r r a d i a t i o n .  T h i s  d e f i c i t  w i l l  b e  g r e a t e r  
i f  w e  a s s u m e  t h a t  B < 0 . 1 1 5  i n  o u r  e x p e r i m e n t s ,  w h i c h  i s  c o m p l e t e l y  
a d m i s s i b l e .  

4 4 3  
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EXAMINING THE RBE OF PROTONS AND HEAVY IONS ON 
LYSOGENIC BACTERIA 

Yu.G.  G r i g o r ' y e v ,  N . I .  R y b a k o v ,  N . I .  Ryzhov, V .1 .  Po o v ,  
T . Y e .  M a s h i n s k a y a ,  M . A .  S y c h k o v ,  a n d  Ye. 1. K u d r y a s  R o v  

ABSTRACT:  A n  e x a m i n a t i o n  was made of t h e  r e z a 
t i v e  b i o l o g i c a l  e f f e c t i v e n e s s  (RBEl of p r o t o n s
w i t h  e n e r g i e s  of 630 and 1 0 0  MeV, and of a c c e l e r 
a t e d  carbon i o n s  w i t h  e n e r g i e s  of 36 MeV, on t h e  
l y s o g e n i c  b a c t e r i a  of t h e  baciZZus E .  CoZi (1). 

I t  was e s t a b l i s h e d  t h a t  t h e  RBE c o e f f i c i e n t s  
f o r  t h e  p r o t o n s  of t h e s e  e n e r g i e s ,  i n  r e l a t i o n  
t o  y - r a y s  f rom Co60, vary  w i t h i n  t h e  l i m i t s  of 0.9
1 . 0  ( a c c o r d i n g  to t h e  t e s t  of i n d u c i n g  phagoproduc
t i o n  and i n a c t i v a t i o n  of t h e  b a c t e r i a l  c e Z l s ) .
The a c c e l e r a t e d  carbon i o n s  have a more pronounced
i n d u c i n g  e f f e c t .  The RBE of t h e  p a r t i c l e s  v a r i e d  
f r o m  1 . 5  t o  4 . 0 ,  depending  on t h e  dose .  

The appearance o f  an oxygen e f f e c t  was shown, 
as  was t h e  l a c k  o f  any s i g n i f i c a n t  e f f e c t  of t h e  
dose r a t e  ( f r o m  0 . 3  t o  35  r a d / s e c )  o f  t h e  pro
t o n  r a d i a t i o n  on t h e  r a d i a t i o n - s e n s i t i v i t y  of 
t h e  b a c t e r i a  wh ich  produce  induced  b a c t e r i o p h a g e s .  

A t  t h e  p r e s e n t  t i m e ,  t h e  d e t e r m i n a t i o n  o f  t h e  d o s e s  wh ich  / 4 0  7 
a s t r o n a u t s  r e c e i v e  i s  b e i n g  made s o l e l y  on t h e  b a s i s  o f  t h e  i n 
d i c e s  f r o m  p h y s i c a l  d o s i m e t r i c  d e v i c e s  ( i n d i v i d u a l  a n d  o n - b o a r d  
d o s i m e t e r s ) .  D e s p i t e  t h e  g r e a t  a c c u r a c y  o f  t h e s e  d e v i c e s  , t h e i r  
i n d i c e s  c h a r a c t e r i z e  o n l y  t h e  a b s o r b e d  d o s e  i n  p h y s i c a l  r a d - u n i t s  , 
a n d  t h e y  do n o t  a c c o u n t  �or t h e  v a l u e s  of t h e  r e l a t i v e  b i o l o g i c a l  
e f f e c t i v e n e s s  ( R B E )  o f  t h e  r a d i a t i o n s ,  wh ich  c a n  v a r y  a c c o r d i n g  t o  
t h e  s p e c t r a l  a n d  q u a l i t a t i v e  c h a r a c t e r i s t i c s  o f  i n d i v i d u a l  t y p e s  
of c o s m i c  r a d i a t i o n .  

I n  r e l a t i o n  t o  t h e  p r a c z i c a l  n e c e s s i t y  f o r  w o r k i n g  o u t  b i o l o g 
i c a l  d o s i m e t r y  u n d e r  t h e  c o n d i t i o n s  o f  s p a c e  f l i g h t ,  w e  f i n d  i t  
n e c e s s a r y  t o  c o n d u c t  m o d e l  e x p e r i m e n t s ,  e s p e c i a l l y  on t h o s e  b i o 
l o g i c a l  o b j e c t s  w h i c h  h a v e  a l r e a d y  b e e n  u s e d  r e p e a t e d l y  i n  e x p e r 
i m e n t s  i n  s p a c e .  An e x a m p l e  o f  s u c h  b i o l o g i c a l  d o s i m e t e r s  f o r  
s p a c e  r a d i a t i o n ,  e s t a b l i s h e d  by s t u d i e s  o f  F r e n c h  a n d  S o v i e t  r e 
s e a r c h e r s ,  i s  g i v e n  by l y s o g e n i c  b a c t e r i a ,  w h i c h  h a v e  a v e r y  h i g h  / 4 0 8  
s e n s i t i v i t y  t o  t h e  i n d u c i n g  e f f e c t  o f  i o n i z i n g  r a d i a t i o n  [3,4,11
1 6 1 .  

However ,  we s h o u l d  n o t e  t h a t  s u c h  a s e t - u p  for t h e  p r o b l e m  
c a n  b e  v a l i d  o n l y  a f t e r  c o n d u c t i n g  p r e l i m i n a r y  e x a m i n a t i o n s  w i t h  
t e r r e s t r i a l  e x p e r i m e n t s ,  i n  o r d e r  t o  c l a r i f y  t h e  n a t u r e  o f  t h e  
r a d i a t i o n  e f f e c t s  o b t a i n e d  by u s i n g  l y s o g e n i c  b a c t e r i a  a n d  o t h e r  
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o b j e c t s  w h i c h  a re  a t  a h i g h e r  l e v e l  o f  b i o l o g i c a l  o r g a n i z a t i o n .  

D e s p i t e  t h e  o b v i o u s  a d v a n t a g e s  o f  t h e  l y s o g e n i c  s y s t e m  o f  b a c 
t e r i a  ( t h e  h i g h  r a d i a t i o n - s e n s i t i v i t y ,  t h e  s t r i c t  a d d i t i v i t y  o f  
t h e  e f f e c t  f o r  p r o l o n g e d  r a d i a t i o n ,  t h e  r e l a t i v e  s i m p l i c i t y  i n  
h a n d l i n g  a n d  t h e  p o s s i b i l i t y  o f  c o n d u c t i n g  t h e  e x p e r i m e n t s  u n d e r  
t h e  m o s t  v a r i e d  c o n d i t i o n s ,  e t c ) ,  t h i s  m o d e l  s t i l l  i s  n o t  b e i n g  
u s e d  s u f f i c i e n t l y  i n  r a d i o b i o l o g i c a l  s t u d i e s .  We know o f  o n l y  a 
f e w  s t u d i e s  i n v o l v i n g  a c o m p a r a t i v e  e x a m i n a t i o n  o f  t h e  b i o l o g i c a l  
e f f e c t  o f  v a r i o u s  t y p e s  o f  i o n i z i n g  r a d i a t i o n s  on t h i s  s y s t e m
C 7 , 8 , 1 0 1 .  

O b v i o u s l y ,  t h e  u s e  o f  l y s o g e n i c  b a c t e r i a  i s  a l s o  a d v a n t a g e o u s  
i n  c l a r i f y i n g  t h e  p r i m a r y  mechan i sms  f o r  r a d i a t i o n  damage a n d  f o r  
p r o t e c t i o n  f r o m  g e n e t i c  a n o m a l i e s  C 1 ,  2 ,  5 ,  6 1 .  

I n  t h i s  a r t i c l e ,  we e x a m i n e d  t h e  r e l a t i v e  b i o l o g i c a l  e f f e c t  o f  
p r o t o n s  w i t h  e n e r g i e s  o f  630-50  MeV, a n d  o f  a c c e l e r a t e d  h e a v y  
c a r b o n  i o n s  w i t h  an e n e r g y  o f  36 M e V ,  on t h e  l y s o g e n i c  b a c t e r i a  E .  
c o l i  K - 1 2  ( A ) .  We h a v e  a l s o  p r e s e n t e d  m a t e r i a l s  on t h e  e f f e c t  o f  
t h e  i r r a d i a t i o n  c o n d i t i o n s  a n d  c e r t a i n  m o d i f y i n g  f a c t o r s  on t h e  
r a d i a t i o n - s e n s i t i v i t y  o f  l y s o g e n i c  b a c t e r i a  w h i c h  w e r e  s u b j e c t e d  
t o  t h e  a c t i o n  o f  p r o t o n s .  The e v a l u a t i o n  o f  t h e  e f f e c t i v e n e s s  o f  
t h e s e  r a d i a t i o n s  w a s  made on t h e  b a s i s  o f  a c o m p a r i s o n  o f  t h e  
v a l u e s  f o r  i n d u c i n g  i n t r a c e l l u l a r  d e v e l o p m e n t  o f  a m o d e r a t e  p h a g e  
( A ) ,  d u r i n g  i r r a d i a t i o n  o f  a l y s o g e n i c  c u l t u r e  o f  E .  c o l i  K - 1 2  
( A )  by p r o t o n s ,  h e a v y  c a r b o n  i o n s ,  a n d  y - r ays  o f  Co60. 

I n  a l l  t h e  e x p e r i m e n t s ,  w e  u s e d  a f o u r - h o u r  b o u i l l o n  c u l t u r e  
o f  t h e  l y s o g e n i c  s t r a i n  o f  E .  c o l i  K - 1 2  ( A )  i n  a c o n c e n t r a t i o n  o f  
2 0 1 0 ~m i c r o b i a l  b o d i e s  p e r  m l .  The i r r a d i a t i o n  o f  t h e  b a c t e r i a  
t o o k  p l a c e  ( d e p e n d i n g  on t h e  p r o b l e m  a n d  t y p e  o f  i r r a d i a t i o n )  i n  
a m p u l e s ,  f l a s k s ,  or p e t r i  d i s h e s .  I n  o r d e r  t o  d e t e r m i n e  t h e  q u a n 
t i t y  o f  b a c t e r i a  w h i c h  p r o d u c e d  an i n d u c e d  p h a g e ,  we u s e d  t h e  
d i r e c t  m e t h o d :  t h e  l y s o g e n i c  c u l t u r e  w a s  s i f t e d  o u t  o f  t h e  c o r r e s 
p o n d i n g  d i l u t i o n  i m m e d i a t e l y  a f t e r  i r r a d i a t i o n ,  t o g e t h e r  w i t h  t h e  
i n d i c a t o r  s t r a i n  o f  E .  c o l i  C 8 5  i n  an a g a r  f i l m .  S i n c e  t h e  v a l u e  
o f  t h e  s p o n t a n e o u s  b a c k g r o u n d  r e m a i n s  c o n s t a n t  f o r  t h e  same e x p e r 
i m e n t a l  c o n d i t i o n s  , t h e  d e g r e e  o f  i n d u c e d  p h a g o p r o d u c t i o n  i n  r e 
l a t i o n  t o  t h e  r a d i a t i o n  d o s e  was e a s i l y  d e t e r m i n e d  by t h e  r a t i o  
b e t w e e n  t h e  number  o f  p h a g e  c o l o n i e s  c o u n t e d  i n  a g r o w t h  a r e a  o f  
t h e  e x p e r i m e n t a l  s a m p l e s  a n d  t h e  number  o f  s p o n t a n e o u s  p h a g e  c o l o 
n i e s  i n  t h e  c o n t r o l  d i s h e s .  I n  t h e  f u t u r e ,  t h i s  r a t i o  w i l l  b e  
e x p r e s s e d  by t h e  s y m b o l  " R " .  

The s u r v i v a l  r a t e  o f  t h e  b a c t e r i a  w a s  s t u d i e d  p a r a l l e l  t o  t h e  / 4 0 9  
e x a m i n a t i o n  o f  t h e  i n d u c i n g  e f f e c t .  

A s  t h e  s o u r c e  o f  r a d i a t i o n  by p r o t o n s  a n d  m u l t i p l y - c l a r g e d  
c a r b o n  i o n s ,  w e  u s e d  t h e  s y n c h r o c y c l o t r o n  L Y a P  O I Y a P  a n d  t h e  
c y c l i c  h e a v y - i o n  a c c e l e r a t o r  U-150 L Y a R  O I Y a P ,  r e s p e c t i v e l y .  The 
E G O - 2  a p p a r a t u s  w a s  u s e d  as t h e  s o u r c e  o f  t h e  y - r a y s  f r o m  C o 6 0 .  
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The d o s i m e t r y  o f  t h e  p r o t o n s  w a s  p e r f o r m e d  w i t h  t h e  a i d  o f  i o n i z i n g  
c h a m b e r s  , i n d i v i d u a l  l u m i n e s c e n t  d o s i m e t e r s ,  a n d  t h e r m o l u m i n e s c e n t  
g l a s s  p l a t e s  p l a c e d  w i t h  t h e  s a m p l e s .  

The d o s i m e t r y  o f  t h e  h e a v y  i o n s  w a s  c o n d u c t e d  on t h e  b a s i s  o f  
t h e  r e a d i n g s  on  a t r a n s i s t o r i z e d  m o n i t o r ,  w h i c h  w a s  p l a c e d  i n  a 
s y m m e t r i c a l  p o s i t i o n  i n  r e l a t i o n  t o  t h e  s a m p l e s .  

The r e s u l t s  o f  e x a m i n i n g  t h e  i n d u c i n g  e f f e c t  o f  t h e  p r o t o n s  o f  
630 a n d  1 0 0  M e V  a n d  o f  t h e  y - r a y s  o f  Co60 on  t h e  p h a g o p r o d u c t i o n  i n  
t h e  b a c i l l u s  E .  c o l i  K - 1 2  ( A )  a r e  shown i n  t h e  t a b l e .  I n  e v a l u a t i n g  
t h e  r e s u l t s ,  w e  n o t e d  b o t h  t h e  a b s o l u t e  number  ,of b a c t e r i a  w h i c h  
p r o d u c e d  a n  i n d u c e d  p h a g e  a n d  t h e  r a t i o  o f  t h e  a v e r a g e  v a l u e s  f o r  
i n d u c e d  p h a g o p r o d u c t i o n  i n  t h e  e x p e r i m e n t  a n d  i n  t h e  c o n t r o l .  

T A B L E :  I N D U C T I O N  OF PHAGOPRODUCTION I N  A LYSOGENIC CULTURE OF E .  
C O L I  K - 1 2  ( A )  I R R A D I A T E D  B Y  y-RAYS, PROTONS W I T H  ENERGIES OF 6 3 0 
1 0 0  M e V ,  A N D  A C C E L E R A T E D  C A R B O N  IONS W I T H  A N  ENERGY OF 36 M e V .  

Y- rays  P r o t o n s  , P r o t o n s ,  
f rom Co60 630MeV 1 l O O M e V  ICarbon I o n s  

C o n t r o l  190 1.0 1.o
50 3.1 k0.33 2.51+0,50 3*9* 2.2 

100 5+3f0.52 4,10&0,39 4.64f0.53 6.5& 1.4 
200 6.9 *to. 78 6.80 f0.56 6.11f0.69 24,Ok 2.5 
400 13,0f0.83 11.0 f0.91 11.5 rt1.24 55,01t 6.8 

20.1 *0,16 17.0 ~k1.44 18,1 f1.95 67.0k 10.7 

The d e g r e e  o f  p h a g o - p r o d u c t i o n  i n d u c e d  d u r i n g  t h e  e f f e c t  o f  
p r o t o n s  w i t h  6 3 0  a n d  1 0 0  M e V  a n d  h e a v y  c a r b o n  i o n s  w i t h  36 M e V  i s  
f o u n d  t o  b e  c l e a r l y  d e p e n d e n t  on t h e  d o s e  ( F i g .  1) .  T h i s  r e l a t i o n 
s h i p  h a s  a g r a d e d  c h a r a c t e r  f o r  a l l  t h e  e n e r g i e s  o f  t h e  p r o t o n  r a 
d i a t i o n s  a n d  y - r a y s  b e i n g  e x a m i n e d ,  w i t h i n  a r a n g e  f r o m  5 0  t o  8 0 0  
r a d .  The r e l a t i o n s h i p  c a n  b e  d e s c r i b e d  b y  t h e  f o l l o w i n g  e q u a t i o n :  

R = a-Db,  

w h e r e  R i s  t h e  i n d e x  f o r  i n d u c t i o n  o f  a b a c t e r i o p h a g e .  

The c u r v e s  of t h e  r e l a t i o n s h i p  b e t w e e n  t h e  d o s e  a n d  t h e  i n d u c 
t i o n  o f  p h a g o p r o d u c t i o n  f o r  t h e  p r o t o n s  o f  630 a n d  1 0 0  M e V  a r e  i n  
c l o s e  p r o x i m i t y  t o  o n e  a n o t h e r .  T h e r e  w a s  n o  s t a t i s t i c a l l y  r e l i 
a b l e  d i f f e r e n c e  n o t e d  b e t w e e n  t h e m .  

T h u s ,  t h e r e  i s  n o  e s s e n t i a l  d i f f e r e n c e  n o t e d  b e t w e e n  t h e  b i o - /410  
l o  i c a l  e f f e c t  o f  p r o t o n s  o f  630-100 M e V  a n d  t h a t  o f  y - r a y s  f r o m  
Cogo .  However ,  t h e r e  i s  a n  i n s i g n i f i c a n t  b u t  s t a t i s t i c a l l y  r e l i a b l e  
i n c r e a s e  i n  t h e  d e g r e e  o f  p h a g e  i n d u c t i o n  u n d e r  t h e  i n f l u e n c e  o f  
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y - r a y s ,  i n  c o m p a r i s o n  w i t h  t h e  p r o t o n s  of  630-100 M e V .  T h i s  a l l o w s  
us  t o  c o n s i d e r  t h a t  t h e  RBE o f  t h e  p r o t o n s  o f  630-100 M e V  i s  e q u a l  
t o  0 . 9 .  The l a c k  o f  r e l i a b l e  d i f f e r e n c e s  i n  t h e  e f f e c t s  b e t w e e n  
t h e  p r o t o n s  o f  50  M e V  a n d  y - r a y s  shows t h a t  t h e  RBE o f  t h e  p r o t o n s  
w i t h  t h e s e  e n e r g i e s  i s  e q u a l  t o  one  u n i t .  

R N o t e w o r t h y  r e s u l t s  were 
o b t a i n e d  i n  e x a m i n i n g  t h e  i n -
d u c i n g  p r o p e r t i e s  o f  t h e  h e a v y  
m u l t i p l y - c h a r g e d  i o n s .  A s  w e  
c a n  s e e  f r o m  F i g u r e  1, t h e s e  
p a r t i c l e s  h a v e  a much more 
p r o n o u n  ce d i n d u c i n g  e f f e c t  on 
p h a g o p r o d u c t i o n  t h a n  t h e  
s t a n d a r d  t y p e s  o f  r a d i a t i o n  
a n d  p r o t o n s .  O f  p a r t i c u l a r  
n o t e  i s  t h e  c l e a r l y  n o n - u n i -
f o r m  c h a r a c t e r  o f  t h e  i n c r e a s e  
i n  t h e  i n d u c t i o n  o f  p h a g o -
p r o d u c t i o n  v e r s u s  t h e  d o s e  , 
as a r e s u l t  o f  which  t h e  
c o r r e s p o n d i n g  d o s e - e f f e c t  

0 100 200 400 8001000 
c u r v e  a c q u i r e s  an  S - s h a p e .  

Dose , r a d  
I n t e r e s t i n g  r e s u l t s  w e r e  

o b t a i n e d  i n  e x a m i n i n g  t h e  
F i g .  1. P h a g o p r o d u c t i o n  I n d u c e d  by e f f e c t s  o b t a i n e d  i n  t h e  c a s e  
y-Rays f r o m  Co60 ( 2 )  , by P r o t o n s  of c h a n g e s  i n  t h e  i r r a d i a t i n g  
w i t h  a n  E n e r g y  o f  630  M e V  ( 3 1 ,  c o n d i t i o n s  a n d  t h e  e f f e c t  o f  
a n d  A c c e l e r a t e d  C a r b o n  I o n s  w i t h  c e r t a i n  m o d i f y i n g  f a c t o r s .  
an  E n e r g y  o f  36 MeV ( 1 )  V e r s u s  t h e  The c o m p l e t e  i d e n t i t y  i n  t h e  
E f f e c t i v e  Dose .  c h a r a c t e r  a n d  i n t e n s i t y  o f  t h e  

p r o c e s s e s  f o r  r a d i a t i o n a l  
p h a g e  i n d u c t i o n  d u r i n g  t h e  e f f e c t  o f  p r o t o n s  o f  630 MeV and  y - r a y s ,  
d e s p i t e  t h e  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  d o s e  r a t e  ( 0 . 3 - 3 5  r a d /  
s e c ) ,  a l l o w s  us  t o  d raw t h e  c o n c l u s i o n  t h a t  t h e r e  i s  n o  r e l a t i o n 
s h i p  b e t w e e n  t h e  m a g n i t u d e  o f  t h e  e , f f e c t  o b s e r v e d  a n d  t h e  d o s e  r a t e .  

I n  t h i s  s t u d y ,  w e  a l s o  a t t e m p t e d  t o  e x a m i n e  t h e  e f f e c t  o f  p a r 
t i a l  oxygen p r e s s u r e  on p h a g o p r o d u c t i o n .  For t h i s  p u r p o s e ,  w e  
e x a m i n e d  t h e  d i f f e r e n c e s  i n  t h e  e f f e c t i v e - d o s e  r e l a t i o n s h i p  o f  t h e  
v a l u e  f o r  i n d u c t i o n  o f  p h a g o p r o d u c t i o n  w i t h  i r r a d i a t i o n  o f  t h e  
b a c t e r i a  by p r o t o n s  ( r e p l a c i n g  a l l  t h e  oxygen  w i t h  n i t r o g e n )  a n d  a t  
t h e  n o r m a l  p a r t i a l  p r e s s u r e  o f  oxygen  ( i n  a i r ) .  The r e s u l t s  o f  t h e  
e x p e r i m e n t s  showed  t h a t  t h e  l y s o g e n i c  b a c t e r i a  we u s e d  r e a c t  t o  t h e  
c h a n g e s  i n  t h e  oxygen  c o n c e n t r a t i o n  i n  t h e  same way as d i d  o t h e r ,  
p r e v i o u s l y - e x a m i n e d  t e s t - o b j e c t s .  The p r o t e c t i v e  e f f e c t  o f  a n o x i a  
on t h e  i n d u c t i o n  o f  p h a g o p r o d u c t i o n  w a s  c l e a r l y  shown.  The c o e f - / 4 1 1  
f i c i e n t s  o f  oxygen  i n t e n s i f i c a t i o n  f o r  t h e  p r o t o n s  o f  630 a n d  50  
MeV were t h e  same, w i t h i n  t h e  l i m i t s  o f  2 . 4 - 2 . 6 .  The v a l u e  - f o r  
t h e  c o e f f i c i e n t s  r e m a i n e d  g e n e r a l l y  c o n s k n t  t h r o u g h o u t  t h e  e n t i r e  
r a n g e  o f  d o s e s  f rom 50  t o  800 r a d .  
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I n  e x a m i n i n g  t h e  e f f e c t  o f  p h a g o p r o d u c t i o n ,  w e  n a t u r a l l y  a l s o  
s t u d i e d  t h e  s u r v i v a l  r a t e  o f  t h e  b a c t e r i a  a n d  t h e  c h a n g e  i n  t h e i r  

x x 

Dose , k - r a d  Dose , k - r a d  

F i g .  2 F i g .  3 
F i g .  2 .  R e l a t i o n s h i p  b e t w e e n  t h e  L e t h a l  E f f e c t  i n  t h e  L y s o g e n i c  
B a c t e r i a  E .  c o l i  K - 1 2  ( A )  a n d  t h e  E f f e c t i v e  Dose o f  y-Rays  (1) and 
P r o t o n s  o f  630 M e V  ( 2 ) .  

F i g .  3 .  The E f f e c t  o f  t h e  Amount o f  Oxygen a n d  T e m p e r a t u r e  on t h e  

S u r v i v a l  R a t e  f o r  t h e ,  L y s o g e n i c  B a c t e r i a  E .  c o l i  K-12  ( A ) .  (1) 

I r r a d i a t i o n  i n  A i r  a t  O o ;  ( 2 )  Same,  i n  N i t r o g e n  a t  O o ;  ( 3 )  S a m e ,  

i n  A i r  a t  37O; ( 4 )  S a m e ,  i n  N i t r o g e n  a t  37O. 


r a d i a t i o n - s e n s i t i v i t y  d u r i n g  t h e  a c t i o n  o f  m o d i g y i n g  f a c t o r s .  An 

a n a l y s i s  o f  t h e  r e s u l t s  showed  t h a t  t h e  p r i n c i p a l  q u a n t i t a t i v e  

c h a r a c t e r i s t i c s  f o r  t h e  i n j u r i o u s  e f f e c t  o f  t h e  p r o t o n s  o f  630 M e V  

on t h e  b a c t e r i a  E .  c o l i  K - 1 2  ( A )  r e m a i n e d  t h e  same when w e  e x a m i n e d  

t h e i r  s u r v i v a l  r a t e  as when w e  d e t e r m i n e d  t h e  p h a g o p r o d u c t i o n  

( F i g .  2 ) .  I t  w a s  f o u n d ,  i n  p a r t i c u l a r ,  t h a t  t h e  R B E  o f  p r o t o n s  o f  

630 M e V  ( i n  r e l a t i o n  t o  t h e  y - r a y s  f r o m  C o 6 0 )  w a s  e q u a l  t o  0 . 9 ,  i n  

a c o m p a r i s o n  o f  t h e  L D 3 7  a n d  t h e  L D 5 0 .  S i m i l a r  r e s u l t s  w e r e  o b t a i n e d  

i n  e x a m i n i n g  t h e  o x y g e n  e f f e c t  ( F i g .  3 ) .  The u n e x p l a i n e d  f a c t  t h a t  

t h e  v a l u e  f o r  t h e  o x y g e n  e f f e c t  a n d  t h e  i n j u r i o u s  e f f e c t  o f  t h e  

r a d i a t i o n s  c l e a r l y  d e c r e a s e d  d u r i n g  t h e  i r r a d i a t i o n  o f  t h e  b a c t e r i a  

u n d e r  t h e r m o s t a t i c  c o n d i t i o n s  a t  37O, i n  c o m p a r i s o n  w i t h  t h e  i r r a - /412  

d i a t i o n  a t  a t e m p e r a t u r e  o f  t h e  medium e q u a l  t o  O o ,  w a s  r a t h e r  

unexp  e c t  e d . 


T h e r e f o r e ,  t h e  c o r r e l a t i o n  o b s e r v e d  i n  t h e  RBE v a l u e s  f o r  t h e  
r a d i a t i o n ,  o b t a i n e d  f o r  t h e  l y s o g e n i c  s y s t e m  a n d  o t h e r  b i o l o g i c a l  
s y s t e m s ,  shows  t h a t  i t  i s  p o s s i b l e  t o  u s e  t h i s  s y s t e m  f o r  s t u d y i n g  
t h e  b i o l o g i c a l  e f f e c t i v e n e s s  o f  i o n i z i n g  r a d i a t i o n  w i t h  a v a r y i n g  
d e n s i t y  o f  i o n i z a t i o n .  The g o o d  a g r e e m e n t  b e t w e e n  t h e  R B E  v a l u e s  
o b t a i n e d  for t h e  h e a v y  i o n s  a n d  t h e  d a t a  i n  t h e  l i t e r a t u r e  [9,lO] 
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a n d  c a l c u l a t e d  d a t a  show t h e  s u f f i c i e n t  s e n s i t i v i t y  o f  t h e  e x p e r i 
m e n t a l  m o d e l  t o  a c h a n g e  i n  l i n e a r  l o s s e s  o f  e n e r g y .  T h i s ,  i n  t u r n ,  
c a n  s e r v e  as a n  a d d i t i o n a l  f o u n d a t i o n  for a more e f f e c t i v e  u s e  o f  
l y s o g e n i c  b a c t e r i a  as b i o l o g i c a l  d o s i m e t e r s  i n  s p a c e  e x p e r i m e n t s .  
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THE DOSE-DEPENDENCE AND DYNAMICS OF THE PHYSIOLOGICAL 
REGENERATION OF THE E P I T H E L I U M  I N  THE CORNEAS OF MICE WHICH 
WERE SUBJECTED TO IRRADIATION B Y  PROTONS WITH AN ENERGY OF 

630 MEV AND BY Y-RADIATION FROM Co60 
V .  M .  M a s t r u k o v a  a n d  A . D .  S t r z h i z h o v s k i y  

ABSTRACT:  A comparison of t h e  r a t e  of r e c o v e r y  o f  
m i t o t i c  a c t i v i t y ,  t h e  ZeveZ o f  chromosome aber 
r a t i o n s  i n  t h e  f i r s t  m i t o s i s ,  and t h e  q u a n t i t y
of e p i t h e Z i a Z  ceZZs i n  t h e  corneas  of mice which  
were s u b j e c t e d  to i r r a d i a t i o n  by  y - r a y s  f rom Co60 
and p r o t o n s  w i t h  an energy  of 6 3 0  MeV showed 
t h a t  t h e  vaZues f o r  t h e  r e Z a t i v e  b ioZogicaZ e f f e c 
t i v e n e s s  ( R B E ) ,  caZcuZated on t h e  b a s i s  of v a r i 
ous c r i t e r i a ,  d i f f e r  s u b s t a n t i a Z Z y  f rom one a n o t h e r ,  
when u s i n g  t h e  r a t e  of r e c o v e r y  of t h e  m i t o t i c  
a c t i v i t y  as  t h e  c r i t e r i o n ,  t h e  RBE v a l u e  is e q u a l  
t o  1 . 1 .  A t  t h e  same t i m e ,  t h e  RBE v a l u e  caZcu-
Zated accord ing  to t h e  maximum ZeveZ for chromo
some a b e r r a t i o n s  i n  t h e  f i r s t  m i t o s i s  i s  equaZ 
to 0 . 7 .  T h i s  vaZue i s  cZose to t h e  RBE v a l u e s  
found d u r i n g  an a n a Z y s i s  of t h e  c u r v e s  for t h e  
f a t a z i t y  r a t e .  MuZtip l e  q u a n t i t a t i v e  e v a  Zua t ions  
of t h e  RBE made on t h e  b a s i s  of s t u d i e - s  of t h e  
changes i n  t h e  number of e p i t h e Z i a Z  ceZZs i n  t h e  
corneas  of i r r a d i a t e d  animaZs g i v e  a vaZue which  
i s  cZose to 1 .  

I t  i s  w e l l  known t h a t  t h e  t i s s u e s  o f  a n  o r g a n i s m  a r e  i n  a / 4 1 3  
s t a t e  o f  dynamic  e q u i l i b r i u m :  t h e  c e l l s  wh ich  d i e  b e c a u s e  o f  a g e  
a r e  r e p l a c e d  ( i n  t h e  p r o c e s s  o f  p h y s i o l o g i c a l  r e g e n e r a t i o n )  by  
young  o n e s  wh ich  come f rom a p r o l i f e r a t i . v e  p o o l .  The e f f e c t  o f  
h i g h - e n e r g y  p r o t o n s  e n t e r i n g  i n t o  t h e  c o m p o s i t i o n  o f  p r i m a r y  c o s 
m i c  r a d i a t i o n  on human b e i n g s  a n d  a n i m a l s  c a u s e s  a s u p p r e s s i o n  o f  
t h e  m i t o Z i c  a c t i v i t y  i n  t h e  t i s s u e s ,  t h e  a p p e a r a n c e  o f  p a t h o l o g i c a l  
m i t o s i s ,  a n d  c e l l u l a r  d e s t r u c t i o n ,  w h i c h  c a n  t h e n  damage t h e  e n t i r e  
t i s s u e  a n d  i t s  p h y s i o l o g i c a l  a c t i v i t y .  M o r e o v e r ,  damage t o  t h e  
h e r e d i t a r y  s t r u c t u r e s  o f  c e l l s  c a n  c a u s e  t h e  d e v e l o p m e n t  o f  p a t h o 
l o g i c a l  p r o c e s s e s  a t  p e r i o d s  l o n g  a f t e r  i r r a d i a t i o n .  

The a b o v e - m e n t i o n e d  phenomena  w e r e  s t u d i e d ,  u s i n g  t h e  m o d e l  
o f  t h e  e p i t h e l i u m  i n  t h e  c o r n e a s  o f  m i c e  w h i c h  w e r e  s u b j e c t e d  t o  
i r r a d i a t i o n  by p r o t o n s  a t  an  e n e r g y  of 6 3 0  MeV. I n  a d d i t i o n  t o  
m e t h o d o l o g i c a l  a d v a n t a g e s ,  t h i s  m o d e l  w a s  s e l e c t e d  b e c a u s e  o f  t h e  
i m p o r t a n t  r o l e  o f  t h e  c o r n e a l  e p i t h e l i u m  i n  t h e  p r o c e s s  o f  v i s u a l  
p e r c e p t i o n ,  t h e  v e r y  h i g h  r e q u i r e m e n t s  f o r  e n t i r e t y  o f  t h e  t i s s u e  
a n d  o p t i c a l  t r a n s p a r e n c y  o f  i t s  c e l l s ,  a n d  t h e  l i m i t e d  p o s s i b i l i t i e s  
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for s h i e l d i n g  t h e  e y e  f r o m  r a d i a t i o n ,  l i n k e d  w i t h .  the  n e c e s s i t y  o f  
u s i n g  t r a n s p a r e n t  m a t e r i a l  f o r  t h e s e  p u r p o s e s .  For a s t a n d a r d  i n  
d e t e r m i n i n g  t h e  s p e c i f i c  f e a t u r e s  o f  t h e  b i o l o g i c a l  e f f e c t  o f  h i g h -
e n e r g y  p r o t o n s  a n d  t h e i r  r e l a t i v e  b i o l o g i c a l  e f f e c t i v e n e s s  (RBE) , 
w e  u s e d  y - r a d i a t i o n  f r o m  Co60.  

M E T H O D S  

The e x p e r i m e n t s  were c o n d u c t e d  on mice  o f  t h e  CC57br s t r a i n ,  
w e i g h i n g  1 8 - 2 0  g .  T h e s e  a n i m a l s  were  i r r a d i a t e d  by  p r o t o n s  w i t h  a n  
e n e r g y  o f  630 M e V  i n  d o s e s  o f  1 0 0 ,  2 0 0 ,  7 0 0 ,  a n d  1 1 0 0  r a d  ( d o s e  r a t e  
o f  31 .9  r a d / s e c )  on t h e  s y c h r o c y c l o t r o n  o f  t h e  J o i n t  I n s t i t u t e  o f  
N u c l e a r  R e s e a r c h  a t  Dubna ,  a n d  w i t h  y - r a d i a t i o n  f r o m  Co60 i n  d o s e s  
o f  200 a n d  7 0 0  r a d  ( d o s e  r a t e  o f  2 . 8  r a d / s e c )  on  t h e  EGO-2 a p p a r a t u s .  
The e x p e r i m e n t a l  a n i m a l s  w e r e  d e c a p i t a t e d  s i m u l t a n e o u s l y  w i t h  t h e  
c o n t r o k  a t  v a r i o u s  t i m e s  a f t e r  i r r a d i a t i o n .  S i n c e  i t  i s  w e l l  
known t h a t  t h e  e p i t h e l i u m  o f  t h e  c o r n e a  i n  m i c e  e x h i b i t s  d a i l y  
r h y t h m s  o f  m i t o t i c  a c t i v i t y  whose  a m p l i t u d e  c a n  c h a n g e  b e c a u s e  o f  
i r r a d i a t i o n  [ 1 , 4 ] ,  t h e  a n i m a l s  were  a l w a y s  d e c a p i t a t e d  a t  n o o n ,  / 4 1 4  
when t h e  v a l u e  o f  t h e  m i t o t i c  i n d e x  i s  e q u a l  t o  i t s  a v e r a g e  v a l u e  
p e r  day  [lo]. D u r i n g  e a c h  p e r i o d ,  w e  d e c a p i t a t e d  6-15  e x p e r i m e n t a l  
a n d  3-5 c o n t r o l  a n i m a l s ;  w e  u s e d  320 mice  i n  a l l  i n  t h e  e x p e r i m e n t s .  
The m a t e r i a l s  were  f i x e d  i n  Bowen ' s  s o l u t i o n ,  a n d  t o t a l  p r e p a r a 
t i o n s  o f  t h e  c o r n e a  were  p r e p a r e d .  They were s t a i n e d  a c c o r d i n g  t o  
K a r a c h i .  I n  t h e  p r e p a r a t i o n s  t h u s  p r e p a r e d ,  w e  c o u l d  o b s e r v e  3-4 
l a y e r s  o f  c e l l s .  However ,  o n l y  t h e  t w o  l o w e r  l a y e r s  c o n s i s t e d  o f  
t h e  homogeneous  e p i t h e l i a l  c e l l s  w h i c h  h a v e  m i t o t i c  a c t i v i t y .  The 
r e m a i n i n g  o n e  or two  l a y e r s  c o n s i s t e d  o f  k e r a t o t i c  c e l l s  w h i c h ,  
o b v i o u s l y  w e r e  t e r m i n a t i n g  t h e i r  l i f e  c y c l e .  

The number  o f  c e l l s  w i t h i n  t h e  f i e l d  o f  v i s i o n  o f  t h e  m i c r o 
s c o p e  a n d  t h e  f r e q u e n c y  o f  m i t o s e s  w e r e  m e a s u r e d  by  s h i f t i n g  t h e  
f o c u s  f r o m  t h e  c e n t e r  o f  t h e  p r e p a r a t i o n  t o  t h e  p e r i p h e r y ;  as a 
r e s u l t ,  i n  o r d e r  t o  d e t e r m i n e  t h e  a v e r a g e  v a l u e s ,  w e  made c a l c u l a 
t i o n s  i n  t h e  two  l o w e r  r e p r o d u c t i v e  l a y e r s  o f  t h e  c e l l s  a t  t h e  
p e r i p h e r y  a n d  t h e  c e n t e r  o f  t h e  c o r n e a  for t h e  number  o f  c e l l s  
w i t h i n  t h e  f i e l d  o f  v i s i o n  o f  t h e  M B I - 1 1  m i c r o s c o p e  w i t h  a m a g n i f i 
c a t i o n  o f  7 x 1 . 6  x 9 0 ,  t h e  number  o f  m i t o s e s  p e r  1 0 0 0  c e l l s ,  a n d  
t h e  r e l a t i v e  p e r c e n t a g e  o f  chromosome a b e r r a t i o n s  a t  t h e  s t a g e  o f  
t h e  a n a p h a s e  ( b r i d g e s  a n d  chromosome f r a g m e n t a t i o n s ) .  

RE S ULTS 

I t  i s  n a t u r a l  t o  b e g i n  a s t u d y  o f  r a d i a t i o n  damage i n  t h e  e p i 
t h e l i u m  o f  t h e  c o r n e a  w i t h  a n  a n a l y s i s  o f  t h e  r e s u l t s  o f  t h e  
" s t a n d a r d  e f f e c t " ,  i r r a d i a t i o n  by  y - r a y s  f r o m  Co60.  The d o s e - d e 
p e n d a n c e  a n d  t h e  d y n a m i c s  f o r  t h e  m i t o t i c  a c t i v i t y  a n d  t h e  chromo
some a b e r r a t i o n s  o b s e r v e d  i n  t h i s  c a s e ,  as w e l l  as t h e  number  of 
c e l l s  w i t h i n  t h e  f i e l d  o f  v i s i o n  o f  t h e  m i c r o s c o p e ,  a r e  g i v e n  i n  
T a b l e  1. 

I t  i s  w e l l  known t h a t  f o r  t i s s u e s  w h i c h  a r e  i n  a s t a t e  o f  
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e q u i l i b r i u m ,  t h e  a v e r a g e  v a l u e  f o r  t h e  
t h e  r a t i o  b e t w e e n  t h e  a v e r a g e  d u r a t i o n  
a g e  l i f e  o f  t h e  c e l l  T ,  w h i c h  i n  t h i s  
d u r a t i o n  o f  t h e  c e l l ' s  s t a y  i n  t h e  two  
l i u m  i n  t h e  c o r n e a .  From t h i s ,  we c a n  

m i t o t i c  i n d e x  i s  e q u a l  t o  
o f  t h e  m i t o s i s  a n d  t h e  a v e r -

case i s  e q u a l  t o  t h e  a v e r a g e  
l o w e r  l a y e r s  o f  t h e  e p i t h e 
d e t e r m i n e  T i f  t h e  m i t o t i c  

i n d e x  a n d  t h e  a v e r a g e  d u r a t i o n  o f  t h e  m i t o s i s  a r e  known. I f  t h e  
m i t o t i c  i n d e x  f o r  t h e  e p i t h e l i u m  o f  t h e  c o r n e a  i s  e q u a l  t o  ( 9 . 0 9  -+ 
0.53)'10-3, a n d  t h e  a v e r a g e  d u r a t i o n  f o r  m i t o s i s  i s  2 1  min [111,

T i s  + +t h e  v a l u e  e q u a l  t o  
c e l l s  i n  t h e  e p i t h e l i u m  
t h e  f i e l d  o f  v i s i o n  o f  
w i t h i n  o n e  d a y ,  a n d  t h e  
i n  t h e  p r o c e s s  o f  c e l l  

1 . 6  0 . 1  d a y s .  T h u s ,  o u t  o f  t h e  1 7 8  2 
o f  tFe c o r n e a  i n  t h e  c o n t r o l  a n i m a l s  ( w i t h i n  

t h e  m i c r o s c o p e ) ,  111 + 7 c e l l s  w i l l  d i e  
same q u a n t i t y  o f  c e l i s  w i l l  a g a i n  b e  f o r m e d  

d i v i s i o n .  

A c c o r d i n g  t o  t h e  d a t a  i n  t h e  l i t e r a t u r e  C l 6 , 1 9 1 ,  t h e  m i t o t i c  
a c t i v i t y  o f  c e l l s  i s  v e r y  s e n s i t i v e  t o  i o n i z i n g  r a d i a t i o n ,  a n d  i s  
a l m o s t  c o m p l e t e l y  s u p p r e s s e d  by r a d i a t i o n  i n  d o s e s  on t h e  o r d e r  o f  
s e v e r a l  t e n s  o f  r a d s .  However ,  t h i s  p r o c e s s  i s  r e v e r s i b l e .  I t  
f o l l o w s  f r o m  t h i s  t h a t  i r r a d i a t i o n  i n  t h e  d o s e  r a n g e  b e i n g  e x a m i n e d  
c a u s e s  p r a c t i c a l l y  c o m p l e t e  s u p p r e s s i o n  o f  m i t o t i c  a c t i v i t y ,  w i t h  
s u b s e q u e n t  r e c o v e r y .  From t h e  d a t a  shown i n  T a b l e  1, it  i s  e a s y  
t o  e s t a b l i s h  t h a t  t h e  r a t e  o f  r e c o v e r y  d e c r e a s e s  w i t h  an i n c r e a s e  /415 

T A B L E  1. D O S E - D E P E N D E N C E  A N D  D Y N A M I C S  OF M I T O T I C  A C T I V I T Y ,  C H R O M O 
SOME ABERRATIONS, A N D  THE NUMBER OF E P I T H E L I A L  CELLS I N  THE C O R N E A ,  

F O R  THE EFF  CT~ OF y - R A D I A T I O N  FR M Co60 

I Z n  X 
a, +I 
a O mc 
H 	 a, a, a c  

3 W E 0  
o 
-4 o\o 
+J
0.+J 
-4 z 


3 "  


5 5.45&0,34 0,647rfIO. 019 159f2 
7 8,67f0,31 170&2 

C o n t r o l  9.09f0.53 0 178f2 
1 5,28-J=0,49 168f2 
3 9,85f0,79 161f3 

200 5 8.61f0.77 170&1 
7 9,13f0,45 178f.2 

10 8,07f.0,26 179fl 
1 1,77f0,11 177f4 
3 3,23f0,25 17.7&2 

70 1 io 8,54&0,45 174f3 

o f  t h e  d o s e .  A c t u a l l y ,  w i t h i n  o n e  d a y  a f t e r  2 r r a d j a t f i o n  a t  a 
d o s e  o f  2 0 0  r a d ,  t h e  m i t o t i c  a c t i v i t y  o f  t h e  e p f t h e L E u m  In t h e  
c o r n e a s  o f  i r r a d i a t e d  a n i m a l s  r e a c h e s  r o u g h l y  h a l f  o f  f t s  o r f g f n a l  
v a l u e ,  a n d  i s  n o r m a l  w i t h i n  3 d a y s  a f t e r  i r r a d i a t i o n .  I n  t h e  c a s e  
o f  i r r a d i a t i o n  a t  a d o s e  o f  700 r a d ,  t h e  5 0 % - l e v e l  o f  m i t o t i c  
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a c t i v i t y  i s  a c h i e v e d  r o u g h l y  w i t h i n  5 d a y s  a f t e r  i r r a d i a t i o n ,  w h i l e  
n o r m a l i z a t i o n  a p p e a r s  o n l y  on t h e  7 t h  d a y .  For a more  r i g i d  a n a l y 
s i s  o f  t h e  r e s u l t s  o f  s t u d y i n g  t h e  m i t o t i c  a c t i v i t y ,  w e  c a n  a t t e m p t  
t o  a p p r o x i m a t e  t h e  c u r v e s  f o r  t h e  r e c o v e r y  o f  t h e  e x p o n e n t  a n d  u s e  
i t s  i n d e x  as a q u a n t i t a t i v e  c r i t e r i o n  f o r  t h e  r a t e  o f  r e c o v e r y  C l O l .  
I t  w a s  f o u n d  t o  b e  e q u a l  t o  0 .86  p e r  day  i n  t h e  case o f  i r r a d i a t i o n  
i n  a d o s e  o f  2 0 0  r a d ,  a n d  0 . 1 6  p e r  d a y  ( i . e . ,  5 . 4  t i m e s  l e s s )  i n  t h e  
c a s e  o f  i r r a d i a t i o n  i n  a d o s e  o f  7 0 0  r a d .  

I n  a d d i t i o n  t o  t h e  r e v e r s i b l e  i n h i b i t i o n  o f  t h e  m i t o t i c  a c t i v 
i t y ,  r a d i a t i o n  c a n  a l s o  c a u s e  c h a n g e s  i n  t h e  g e n e t i c  s t r u c t u r e  o f  a 
c e l l .  The g r e a t e s t  c h a n g e  o f  t h i s  k i n d  i s  s e e n  i n  t h e  chromosome 
a b e r r a t i o n s .  We a t t e m p t e d  T O  e v a l u a t e  t h e  a f t e r  e f f e c t s  o f  t h e s e  
d i s o r d e r s  i n  a c e l l  on t h e  b a s i s  of  an a n a l y s i s  o f  t h e  c h a n g e s  i n  
t h e  r e l a t i v e  number  o f  chromosome a b e r r a t i o n s  i n  r e l a t i o n  t o  t i m e  
( T a b l e  1). The r e l a t i v e  p e r c e n t a g e  o f  chromosome a b e r r a t i o n s  f o r  
i r r a d i a t i o n  i n  a d o s e  o f  700 r a d  r e m a i n s  a p p r o x i m a t e l y  c o n s t a n t  
d u r i n g  t h e  f i r s t  5 d a y s  a f t e r  i r r a d i a t i o n ,  a f t e r  w h i c h  it r a p i d l y  
d e c r e a s e s ,  r e a c h i n g  2 2 %  o f  i t s  o r i g i n a l  v a l u e  by t h e  7 t h  day  a n d  
8% by  t h e  1 0 t h  d a y .  

I t  w a s  shown e a r l i e r  t h a t ,  f o r  a m i t o t i c  i n d e x  o f  ( 9 . 0 9  f / 4 1 6  
0.53)*10-3, t h e  a v e r a g e  d u r a t i o n  f o r  a c e l l u l a r  c y c l e  i s  e q u a i t o  
1 . 6  t 0 . 1  d a y s .  The r a d i a t i o n  e f f e c t  c a u s e s  a d e c r e a s e  o f  t h e  
m i t o t i c  i n d e x  a n d  a c o r r e s p o n d i n g  i n c r e a s e  o f  t h e  d u r a t i o n  f0.r t h e  
c e l l u l a r  c y c l e .  The a v e r a g e  v a l u e  f o r  t h e  m i t o t i c  i n d e x  f o r  t h e  
f i r s t  5 d a y s  a f t e r  i r r a d i a t i o n  i s  e q u a l  t o  2 . 9 0 1 0 - ~ ,  w h i c h  c o r r e s 
p o n d s  t o  a d u r a t i o n  f o r  t h e  c e l l u l a r  c y c l e  o f  r o u g h l y  5 d a y s .  T h u s ,  
t h e  c e l l s  show t h e i r  f i r s t  m i t o s i s  a f t e r  i r r a d i a t i o n  d u r i n g  t h i s  
p e r i o d ,  w h i l e  t h e  c h a n g e s  i n  t h e  r e l d v e  number  o f  chromosome 
a b e r r a t i o n s  r e f l e c t  t h e  d i f f e r e n c e s  i n  r a d i a t i o n  s e n s i t i v i t y  f o r  
t h e  f o l l o w i n g  s t a g e s  o f  t h e  m i t o t i c  c y c l e , .  We c a n  s e e  f r o m  t h e  
d a t a  i n  T a b l e  1 t h a t  0 . 6 9 5  o f  t h e  c e l l s  w h i c h  w e r e  a t  l a t e r  s t a g e s  
o f  t h e  m i t o t i c  c y c l e  (and,  t h e r e f o r e ,  t h e  f i r s t  t o  e n t e r  i n t o  m i t o 
s i s )  h a v e  damages  o f  t h e  g e n e t i c  s t r u c t u r e s .  Out o f  a l l  t h e  c e l l s  
w h i c h  w e r e  a t  t h e  m i d d l e  o f  t h e  m i t o t i c  c y c l e  d u r i n g  i r r a d i a t i o n ,  
0 . 8 6 3  w e r e  damaged ,  w h i l e  0 . 6 4 7  o f  t h e  c e l l s  w h i c h  w e r e  a t  t h e  b e 
g i r i n i n g  o f  t h e  m i t o t i c  c y c l e  w e r e  damaged.  T h e r e f o r e ,  w e  d i d  n o t  
s u c c e e d  i n  f i n d i n g  a n y  s h a r p  c h a n g e  i n  t h e  r a d i a t i o n - s e n s i t i v i t y  
of t h e  g e n e t i c  s t r u c t u r e s  i n  r e l a t i o n  t o  t h e  s t a g e  o f  t h e  c e l l ' s  
m i t o t i c  c y c l e .  The r e l a t i v e  p e r c e n t a g e  o f  c e l l s  w i t h  g e n e t i c  d i s 
o r d e r s ,  a v e r a g e d  a c c o r d i n g  t o  t h e  m i t o t i c  c y c l e ,  was e q u a l  t o  0 . 7 3 5 .  

What i s  t h e  s u b s e q u e n t  f a t e  of c e l l s  w i t h  g e n e t i c  d i s o r d e r s ?  

One of us  showed [ 9 ]  t h a t  an i r r a d i a t i o n  o f  t h e  c e l l s  i n  t h e  
e p i t h e l i u m  o f  t h e  c o r n e a  i n  d o s e s  wh ich  do n o t  e x c e e d  1 0 0 0  r a d  h a s  
p r a c t i c a l l y  n o  e f f e c t  on t h e  m i t o t i c  a p p a r a t u s :  an l n c l p i e n t  
a b e r r a n t  m i t o s i s  o c c u r s  a t  a n o r m a l  r a t e  a n d  e n d s  w l t h  f o r m a t i o n  o f  
two  d a u g h t e r  c e l l s .  However ,  as a r e s u l t  o f  t h e  loss of  g e n e t i c  
s t r u c t u r e s  ( r e l a t e d  t o  f r a g m e n t a t i o n )  or n o n - u n i f o r m  d i s t r i b u t i o n  
o f  t h e  g e n e t i c  m a t e r i a l ,  w i t h  t h e  p r e s e n c e  o f  b r i d g e s  f o r m e d  as a 
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r e s u l t  o f  a b e r r a n t  m i t o s i s  , t h e  d a u g h t e r  c e l l s  l o s e  t h e i r  a b i l i t y  
f o r  u n l i m i t e d  r e p r o d u c t i o n ,  a n d  f o r m  o n l y  l i m i t e d  c o l o n i e s  when 
c u l t u r e d  [ 1 4 ,  1 7 ,  1 8 ,  22-24] .  The number  o f  d i v i s i o n s  o f  t h e  
damaged c e l l  up t o  t h e  moment o f  i t s  r e p r o d u c t i v e  d e s t r u c t i o n  d i 
m i n i s h e s  w i t h  a n  i n c r e a s e  i n  t h e  d o s e  o f  i r r a d i a t i o n .  

L e t  u s  now e x a m i n e  t h e  r e p r o d u c t i v e  d e s t r u c t i o n  ( d e a t h )  o f  
t h e  c e l l s  i n  t h e  e p i t h e l i u m  o f  t h e  c o r n e a s  o f  mice  w h i c h  were  s u b 
j e c t e d  t o  i r r a d i a t i o n  i n  a d o s e  o f  700 r a d .  A s  w a s  a l r e a d y  m e n t i o n e d ,  
t h e  f irst  m i t o t i c  c y c l e  a f t e r  i r r a d i a t i o n  l a s t s  a b o u t  5 d a y s .  Sim
i l a r l y ,  w e  c a n  show t h a t  t h e  s e c o n d  m i t o t i c  c y c l e  l a s t s  f r o m  t h e  
5 t h  t o  t h e  7 t h  d a y  a f t e r  t h e  i r r a d i a t i o n ,  a n d  t h e  t h i r d  a n d  f o u r t h  
f r o m  t h e  7 t h  t o  t h e  1 0 t h  d a y s .  From t h e  d a t a  shown i n  T a b l e  1, w e  
c a n  e a s i l y  s e e  t h a t  d u r i n g  t h e  s e c o n d  a b e r r a n t  m i t o s i s  a f t e r  i r r a 
d i a t i o n ,  t h e r e  w e r e  o n l y  2 1 . 2 %  of  t h e  o r i g i n a l  n u m b e r  o f  i n j u r e d  
c e l l s  w h i c h  w e n t  t h r o u g h  a f i r s t  a b e r r a n t  m i t o s i s  a f t e r  i r r a d i a t i o n  
( 0 . 1 5 6  o u t  o f  0 . 7 3 5 ) ,  a n d  t h e r e  were o n l y  7 . 8 %  for t h e  f o u r t h  a b e r 
r a n t  m i t o s i s  ( 0 . 0 5 7  o u t  of  0 . 7 3 5 ) .  The a v e r a g e  n u m b e r  o f  d i v i s i o n s  
o f  a n  i n j u r e d  c e l l  up t o  t h e  moment o f  i t s  r e p r o d u c t i v e  d e s t r u c t i o n  / 4 1 7  
i s  e q u a l  t o  1 . 7 9 .  

T h e r e f o r e ,  i n  t h e  c a s e  b e i n g  e x a m i n e d ,  t h e  d i s o r d e r s  o f  t h e  
g e n e t i c  b a l a n c e  o f  a c e l l  i n  t h e  p r o c e s s  o f  a f i r s t  a b e r r a n t  m i t o s i s  
a f t e r  i r r a d i a t i o n  c a u s e  t h e  r e p r o d u c t i v e  d e s t r u c t i o n  o f  t h e  c e l l  i n  
t h e  f o l l o w i n g  g e n e r a t i o n .  

I n  a s i m i l a r  way ,  w e  c a n  a n a l y z e  t h e  d y n a m i c s  o f  chromosome 
a b e r r a t i o n  i n  t h e  e p i t h e l i a l  c e l l s  o f  t h e  c o r n e a  i n  mice  w h i c h  w e r e  
s u b j e c t e d  t o  i r r a d i a t i o n  by a d o s e  o f  200 r a d .  I n  t h i s  c a s e ,  t h e  
f i r s t  m i t o t i c  c y c l e  a f t e r  i r r a d i a t i o n  e n d s  d u r i n g  t h e  p e r i o d  b e 
t w e e n  t h e  2nd a n d  3 r d  d a y s ,  w h i l e  t h e  o r i g i n a l  p e r c e n t a g e  o f  c e l l s  
w i t h  g e n e t i c  d i s o r d e r s  c o v e r s  a r a n g e  f rom 0 . 4 4 7  t o  0 . 2 5 0 .  D u r i n g  
t h e  f o l l o w i n g  p e r i o d ,  t h e  m i t o t i c  i n d e x  ( a n d ,  t h u s  , t h e  d u r a t i o n  
o f  t h e  m i t o t i c  c y c l e  o f  t h e  e p i t h e l i a l  c e l l s  i n  t h e  c o r n e a )  i s  
p r a c t i c a l l y  t h e  same as t h e  norm. I f  w e  a s s u m e  t h a t  t h e  f i r s t  c e l l 
u l a r  c y c l e  e n d s  a r o u n d  t h e  3 r d  day  a f t e r  t h e  i r r a d i a t i o n ,  w h i l e  
t h e  a v e r a g e  l e v e l  of  i n j u r y  i s  e q u a l ' t o  ( 0 . 4 4 7  t 0 . 2 5 0 ) / 2  = 0 . 3 4 9 ,  
t h e n  t h e  a v e r a g e  number  o f  c e l l u l a r  d i v i s i o n s  up t o  t h e  moment o f  
r e p r o d u c t i v e  d e s t r u c t i o n  i s  e q u a l  t o  2 . 3 1 .  We c a n  s e e  f r o m  t h e  
a b o v e  t h a t  t h e  a v e r a g e  n u m b e r  o f  d i v i s i o n s  o f  t h e  a b e r r a n t  c e l l s  
p r i o r  t o  r e p r o d u c t i v e  d e s t r u c t i o n  d i m i n i s h e s  w i t h  a n  i n c r e a s e  o f  
t h e  d o s e ,  i . e . ,  t h e  d e g r e e  o f  i n j u r y  t o  t h e  g e n e t i c  s t r u c t u r e s  o f  
t h e  c e l l  i n c r e a s e s .  I n  a d d i t i o n ,  t h e  number  o f  i n j u r e d  c e l l s  a l s o  
i n c r e a s e s .  The d o s e - d e p e n d e n c e  o f  t h e  g e n e t i c  e f f e c t  o f  y - r a d i a 
t i o n  f r o m  C o 6 0 ,  c h a r a c t e r i z e d  b y  t h e  maximum r e l a t i v e  p e r c e n t a g e  o f  
a b e r r a n t  m i t o s e s  i n  t h e  e p i t h e l i u m  o f  t h e  c o r n e a  i n  t h e  i r r a d i a t e d  
m i c e ,  w a s  e x p o n e n t i a l  i n  t h e  d o s e  r a n g e  b e i n g  e x a m i n e d .  The 
a v e r a g e  e f f e c t i v e  d o s e  w a s  e q u a l  t o  350 r a d .  

F i n a l l y ,  l e t  u s  e x a m i n e  t h e  r e s u l t s  of  m e a s u r i n g  t h e  number  
o f  c e l l s  w i t h i n  t h e  f i e l d  of  v i s i o n  o f  t h e  m i c r o s c o p e .  
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Among a number  o f  f a c t o r s  w h i c h  c a n  c a u s e  a d e c r e a s e  i n  t h i s  
i n d e x ,  w e  s h o u l d  m e n t i o n  t h e  d e c r e a s e  i n  t h e  a p p e a r a n c e  o f  new c e l l s  
as a r e s u l t  o f  t h e  s u p p r e s s i o n  o f  t h e  m i t o t i c  a c t i v i t y ,  a n d  t h e  
i n c r e a s e  i n  t h e  a p p e a r a n c e  o f  d y i n g  c e l l s ,  as a r e s u l t  o f  a d i s o r d e r  
i n  t h e  g e n e t i c  b a l a n c e  d u r i n g  a b e r r a n t  m i t o s i s .  We a l s o  h a v e  n o t  
e x c l u d e d  t h e  p o s s i b i l i t y  o f  i n j u r y  t o  c e r t a i n  v i t a l l y - i m p o r t a n t  
s t r u c t u r e s  o f  t h e  c e l l  a n d  t h e  s o - c a l l e d  " i n t e r p h a s a l  d e s t r u c t i o n " .  
However ,  we c a n  e a s i l y  s e e  f r o m  t h e  d a t a  shown i n  T a b l e  1 t h a t  
e v e n  f o r  i r r a d i a t i o n  a t  t h e  minimum a b s o l u t e  f a t a l  d o s e  o f  700  r a d  
f o r  t h e  m i c e ,  when t h e  m i t o t i c  a c t i v i t y  o f  t h e  c e l l s  i s  d e e p l y  
s u p p r e s s e d  a n d  a b o u t  t h r e e - f o u r t h s  o f  t h e  c e l l s  h a v e  damage i n  t h e  
g e n e t i c  s t r u c t u r e ,  t h e  c h a n g e  i n  t h e  number  o f  c e l l s  w i t h i n  t h e  f i e l d  
o f  v i s i o n  o f  t h e  m i c r o s c o p e  i s  s m a l l .  The maximum s u c h  c h a n g e  i s  
r e a c h e d  a r o u n d  t h e  5 t h  d a y  a f t e r  i r r a d i a t i o n ,  when t h e  number  o f  
c e l l s  w i t h i n  t h e  f i e l d  o f  v i s i o n  d e c r e a s e s  r o u g h l y  by lo%, i n  com
p a r i s o n  w i t h  t h e  no rm.  A t  t h e  same t i m e ,  a s i n g l e  s u p p r e s s i o n  o f  
t h e  m i t o t i c  a c t i v i t y  d u r i n g  t h e  f i r s t  d a y s  a f t e r  t h e  i r r a d i a t i o n ,  / 4 1 8  
when o n l y  11 new c e l l s  a p p e a r  i n  t h e  f i e l d  o f  v i s i o n  ( a g a i n s t  111 
c e l l s  i n  t h e  no rm)  i n  t h e  c a s e  o f  p r e s e r v i n g  t h e  n o r m a l  i n t e n s i t y  
o f  111 c e l l s  d y i n g  o f f  p e r  day  w i t h i n  t h e  f i e l d  o f  v i s i o n  s h o u l d  
r e s u l t  i n  a c e l l u l a r  d e f i c i t  o f  111-11 = 1 0 0  c e l l s  i n  t h e  v i e l d  
o f  v i s i o n  e v e n  i n  t h e  f i r s t  d a y s  a f t e r  t h e  i r r a d i a t i o n ,  o t  56% o f  
t h e  n o r m a l  v a J u e .  O b v i o u s l y ,  a l o n g  w i t h  t h e  s u p p r e s s i o n  o f  t h e  c e l l  
r e p r o d u c t i o n ,  t h e  a c t i o n  o f  t h e  c e l l s  t e a r i n g  away f r o m  t h e  t i s s u e  
i s  a l s o  s u p p r e s s e d .  A s i m i l a r  s i t u a t i o n  i s  a l s o  o b s e r v e d  w i t h  
i r r a d i a t i o n  o f  t h e  a n i m a l s  by a d o s e  o f  2 0 0  r a d .  

An e x p l a n a t i o n  f o r  t h i s  f a c t ,  p r e s e n t e d  i n  g r e a t  d e t a i l  i n  
o t h e r  s t u d i e s  [3,10], i s  t h a t  t h e  p r i n c i p a l  c a u s e  f o r  t h e  c e l l s  
t e a r i n g  away f r o m  t h e  e p i t h e l i u m  o f  t h e  c o r n e a  i n  n o r m a l  mice i s  
t h e  d i s p l a c e m e n t  o f  o l d  c e l l s  by o n e s  n e w l y  f o r m e d  i n  t h e  p r o c e s s  
o f  c e l l u l a r  d i v i s i o n ,  s o  t h a t  t h e  a v e r a g e  l i f e s p a n  f o r  t h e  c e l l s  
o f  t h e  t i s s u e  T i s  m u c h  s h o r t e r  t h a n  t h e i r  p o t e n t i a l  l i f e s p a n  d u r i n g  
t h e  a b s e n c e  o f  c e l l u l a r  d i s p l a c e m e n t .  I t  f o l l o w s  t h a t  e a c h  d e 
s t . r u c t i v e  p r o c e s s  whose i n t e n s i t y  i s  l e s s  t h a n  t h e  d i f f e r e n c e  b e 
t w e e n  t h e  i n t e n s i t i e s  for d i s p l a c e m e n t  a n d  t h e  n a t u r a l  d y i n g - o f f  
o f  t h e  c e l l s  w i l l  b e  c o m p e n s a t e d  by a c o r r e s p o n d i n g  d e c r e a s e  i n  
t h e  d i s p h c e m e n t  o f  c e l l s .  T h i s  c i r c u m s t a n c e  d o e s  n o t  a l l o w  f o r  a 
d e t e a i l e d  sludy o f  t h e  d e s t r u c t i v e  p r o c e s s e s  o c c u r r i n g  i n  t h e  
e p i t h e l i u m  o f  t h e  c o r n e a  i n  t h e  i r r a d i a t e d  a n i m a l s .  We s h o u l d  
o n l y  n o t e  t h a t  t h e  maximum f o r  t h e  d e c r e a s e  i n  t h e  number  o f  c e l l s  
r o u g h l y  c o i n c i d e d  i n  t i m e  w i t h  t h e  maximum f o r  t h e  p r o d u c t i o n  o f  
t h e  m i t o t i c  i n d e x  a t  a r e l a t i v e  p e r c e n t a g e  o f  chromosome a b e r r a t i o n s  , 
i . e . ,  t h e  a b s o l u t e  number  o f  p a t h o l o g i c a l  m i t o s e s  i n  t h e  t i s s u e .  
Such  a c o i n c i d e n c e  i n d i c a t e s  t h a t  t h e  c o n c . l u s i o n  t h a t  a b e r r a n t  
m i t o s i s  l e a d s  t o  r e p r o d u c t i v e  d e s t r u c t i o n  a n d  d e s t r u c t i o n  o f  t h e  
c e l l s  i s  v e r y  p r o b a b l e .  

L e t  u s  now t u r n  t o  a n  a n a l y s i s  o f  t h e  r a d i a t i o n  i n j u r y  o f  t h e  
e p i t h e l i u m  i n  t h e  c o r n e a  o f  m i c e  w h i c h  were s u b j e c t e d  t o  i r r a d i a 
t i o n  by p r o t o n s  w i t h  an e n e r g y  o f  630 M e V  ( T a b l e  2 ) .  
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The a v e r a g e  m i t o t i c  i n d e x  o f  t h e  e p i t h e l i u m  o f  t h e  c o r n e a  i n  
t h e  c o n t r o l  a n i m a l s  w a s  e q u a l  t o  ( 9 . 7 8  + 0 . 6 2 ) * 1 0 - 3 ,  w h i c h  c o r r e s 
p o n d s  t o  t h e  a v e r a g e  d u r a t i o n  f o r  a c e l l u l a r  c y c l e  o f  9 = 1 . 5  + 0 . 1  
d a y s .  For e a c h  t h o u s a n d  m i t o s e s ,  w e  f o u n d  5 a b e r r a n t  o n e s  on T h e  
a v e r a g e .  The number  o f  c e l l s  w i t h i n  t h e  f i e l d  o f  v i s i o n  o f  t h e  
m i c r o s c o p e  c o i n c i d e d  f o r  a l l  t h e  c o n t r o l  a n i m a l s  o f  b o t h  s e r i e s .  

I n  t h e  case  o f  i r r a d i a t i n g  t h e  a n i m a l s  w i t h  a d o s e  o f  1 0 0  r a d ,  
r e c o v e r y  o f  t h e  m i t o t i c  a c t i v i t y  o c c u r r e d  d u r i n g  t h e  f i r s t  1 . 5  
d a y s  a f t e r  t h e  r a d i a t i o n  e f f e c t .  D u r i n g  t h e  f o l l o w i n g  1 9  d a y s ,  
t h e  m i t o t i c  i n d e x  f o r  t h e  e p i t h e l i u m  i n  t h e  c o r n e a  o f  t h e  i r r a d i a t e d  
m i c e  w a s  t h e  same as t h e  norm.  When t h e  a n i m a l s  r e c e i v e d  200 r a d ,  
t h e  m i t o t i c  a c t i v i t y  w a s  r e c o v e r e d  a r o u n d  t h e  3 r d  d a y .  However ,  
d u r i n g  t h e  p e r i o d  b e t w e e n  5 . 5  a n d  9 . 5  d a y s  a f t e r  t h e  e f f e c t ,  t h e r e  
w a s  a r e p e a t e d  d e c r e a s e  o f  t h e  m i t o t i c  i n d e x  w h i c h  w a s  p r e s e r v e d  
up t o  t h e  e n d  o f  t h e  s t u d y .  Wi th  an  i n c r e a s e  i n  t h e  d o s e  o f  t h e  
i r r a d i a t i o n  up t o  7 0 0  r a d ,  t h e  r a t e  o f  r e c o v e r y  o f  t h e  m i t o t i c  ac- /419 
t i v i t y  c o n t i n u e d  t o  d e c r e a s e .  However ,  w e  u n f o r t u n a t e l y  d i d  n o t  
s u c c e e d  i n  t r a c i n g  t h e  d y n a m i c s  up t o  t h e  e n d .  The  m i t o t i c  i n d e x  
f o r  t h e  e p i t h e l i u m  i n  t h e  c o r n e a  o f  mice  wh ich  u n d e r w e n t  i r r a d i a 
t i o n  by a d o s e  o f  1 1 0 0  r a d  d i d  n o t  r e a c h  1 0 %  o f  i t s  o r i g i n a l  v a l u e  
by t h e  f i r s t  day  a f t e r  t h e  e f f e c t ;  t h e n  d r o p p e d  a l m o s t  t o  z e r o .  

T A B L E  2 .  D O S E - D E P E N D E N C E  A N D  D Y N A M I C S  OF M I T O T I C  A C T I V I T Y  , C H R O M O 
SOME A B E R R A T I O N S ,  A N D  T H E  N U M B E R  OF EPITHELIAL CELLS I N  T H E  C O R N E A ,  

W I T H  I R R A D I A T I O N  B Y  PROTONS OF 630 M e V .  

a 

ld 

L 

n 

a, 

01 

0 


- . .  

C o n t r o l  9,78f0,62 O,OO5&0,003 178f2 
10.35f0.77 0 .I 13f0,@33 170f3 
8.60f0.55 O,092f0,021 168,tZ 

100 9,8250.68 0,05Of0,015 183f2 
9,11f0,38 @,006f0,003 173f2 
9,15&0,50 O,O03f0,003 173fl 
6.41f0.49 0,286fO.C.6 I 16852 
9,55f0,47 0,160f0.023 166f4 

200 9,60f1,08 O,C66fO,O19 170f2 
5.11 f0.69 
6.41f0.68 

0,018f0,013- 167fl 
174fl 

1.92f0.27 0,741f0.088 157f3 
700 4'20f0.67 0,746f0,089 15351 

4.87f0.68 O,316fO,O36 146f6 
0.81f0.10 O,815fO,O95 158f2 

1100 0,09f0,03 0,857f0,lOl 134f3 
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B e f o r e  e v a l u a t i n g  t h e  r a t e  o f  r e c o v e r y  o f  m i t o t i c  a c t i v i t y ,  
w e  m u s t  n o t e  t h a t  t h e  c u r v e s  wh ich  r i s e  a n d  f a l l  r e p e a t e d l y  c a n n o t  
b e  a p p r o x i m a t e d  for t h e  e n t i r e  p a t h  o f  o n e  e x p o n e n t .  

A s  a r e s u l t  o f  t h i s ,  w e  d e t e r m i n e d  t h e  e x p o n e n t i a l  i n d e x  c h a r 
a c t e r i z i n g  t h e  i n t e n s i t y  o f  t h e  r e c o v e r y  o n l y  f o r  t h e  b e g i n n i n g  
s e g m e n t  o f  t h e  r e c o v e r y  c u r v e ,  up t o  t h e  f i r s t  r e p e a t e d  d e c r e a s e .  
I t  w a s  e q u a l  t o  0 . 7 1  p e r  d a y ,  f o r  i r r a d i a t i o n  i n  a d o s e  o f  700 r a d .  
For t h e  c u r v e s  w h i c h  c o r r e s p o n d e d  t o  i r r a d i a t i o n  i n  d o s e s  o f  1 0 0  
a n d  1 1 0 0  r a d ,  we c o u l d  n o t  d e t e r m i n e  t h a t  i n d e x  w i t h  a n y  t e n a b l e  
d e g r e e  o f  r e l i a b i l i t y .  

H a v i n g  c o m p a r e d  t h e  n u m e r i c a l  v a l u e s  f o r  t h e  i n t e n s i t i e s  o f  / 4 2 0  
r e c o v e r i n g  t h e  m i t o t i c  a c t i v i t y  o f  t h e  e i t h e l i u m  i n  t h e  c o r n e a  

~a f t e r  t h e  e f f e c t  o f  y - r a d i a t i o n  f r o m  C O a n d  ~h i g h - e n e r g y  p r o t o n s  
i n  i d e n t i c a l  d o s e s ,  w e  c a n  d e t e r m i n e  t h e  r e l a t i v e  b i o l o g i c a l  e f f e c 
t i v e n e s s  (RBE) o f  t h e  p r o t o n s  w i t h  a n  e n e r g y  o f  630 MeV b y  t h e i r  
c a p a c i t y  t o  s u p p r e s s  t h e  r e s t o r a t i o n  p r o c e s s .  I f  w e  t a k e  as a 
m e a s u r e  o f  t h e  r a d i a t i o n  e f f e c t ,  t h e  a v e r a g e  e f f e c t i v e  r e c o v e r y  
t i m e ,  wh ich  i s  e q u a l  t o  t h e  r e c i p r o c a l  o f  t h e  r a t e  o f  r e c o v e r y  a n d ,  
i n  t h e  m a t h e m a t i c a l  s e n s e ,  a n a l o g o u s  t o  t h e  a v e r a g e  e f f e c t i v e  d o s e ,  
t h e  R B E  o f  t h e  p r o t o n s  w i t h  an e n e r g y  o f  630 MeV i s  e q u a l  t o  
( 0 . 8 6 / 0 . 7 1 )  = 1 . 2 1 ,  f o r  t h e  c a s e  o f  i r r a d i a t i o n  a t  a d o s e  o f  700 
r a d ,  a n d  ( 0 . 1 6 / 0 . 1 5 )  = 1 . 0 7 ,  f o r  t h e  c a s e  o f  i r r a d i a t i o n  a t  a d o s e  
o f  2 0 0  r a d .  The  a v e r a g e  RBE v a l u e  f o r  t h e  d o s e  r a n g e  f r o m  2 0 0  t o  
7 0 0  r a d  i s  e q u a l  t o  1 . 1 4 ,  i . e . ,  t h e  h i g h - e n e r g y  p r o t o n s  s u p p r e s s  
cell r e p r o d u c t i o n  more  e f f e c t i v e l y  t h a n  d o e s  t h e  y - r a d i a t i o n  f r o m  
Co6'. The RBE v a l u e  e v a l u a t e d  on t h e  b a s i s  o f  t h e  r e m o t e  e f f e c t s  
i s  e v e n  h i g h e r ,  s i n c e  t h e  a b o v e - m e n t i o n e d  e v a l u a t i o n s  do  n o t  t a k e  
i n t o  a c c o u n t  t h e  p r e s e n c e  o f  a r e p e a t e d  d r o p  i n  t h e  m i t o t i c  a c t i v i t y  
i n  t h e  c a s e  o f  p r o t o n  i r r a d i a t i o n  b e i n g  a b s e n t  d u r i n g  i r r a d i a t i o n  
by y - r a y s  f rom C o 6 0 .  

L e t  us now t u r n  t o  a f u r t h e r  s t u d y  o f  t h e  e f f e c t  o f  t h e  p r o t o n  
r a d i a t i o n  on t h e  g e n e t i c  s t r u c t u r e s  o f  t h e  c e l l s .  From t h e  d a t a  
shown i n  T a b l e  2 ,  we c a n  e a s i l y  e s t a b l i s h  t h a t  t h e  d o s e - d e p e n d e n c e  
f o r  t h e  g e n e t i c  e f f e c t  o f  t h e  r a d i a t i o n ,  c h a r a c t e r i z e d  by t h e  max
imum r e l a t i v e  p e r c e n t a g e  o f  a b e r r a n t  m i t o s e s  i n  t h e  e p i t h e l i u m  o f  
t h e  c o r n e a  i n  t h e  i r r a d i s t e d  m i c e ,  i s  e x p o n e n t i a l  w i t h i n  t h e  l i m i t s  
o f  e r r o r  i n  t h e  e x p e r i m e n t ,  w i t h i n  t h e  d o s e  r a n g e  b e i n g  e x a m i n e d .  
The a v e r a g e  e f f e c t i v e  d o s e  i s  e q u a l  t o  540 r a d .  The RBE v a l u e  o f  
t h e  p r o t o n s  w i t h  an e n e r g y  o f  630 MeV c a l c u l a t e d  a c c o r d i n g  t o  t h e  
g e n e t i c  e f f e c t  w a s  t h u s  e q u a l  t o  ( 3 5 0 / 5 4 0 )  = 0 . 6 5 .  

I n  o r d e r  t o  d e t e r m i n e  t h e  d e g r e e  o f  damage t o  t h e  g e n e t i c  
s t r u c t u r e s  of t h e  c e l l s ,  l e t  u s  u s e  t h e  r e s u l t s  o f  s t u d y i n g  t h e  
d y n a m i c s  f o r  t h e  r e l a t i v e  p e r c e n t a g e  o f  a b e r r a n t  m i t o s e s .  From t h e  
d a t a  shown i n  T a b l e  2 ,  we c a n  e a s i l y  e s t a b l i s h  t h a t  t h e  a v e r a g e  
v a l u e  o f  t h e  m i t o t i c  i n d e x  f o r  t h e  f i r s t  t h r e e  d a y s  a f t e r  i r r a d i a 
t i o n  i n  a d o s e  o f  1 1 0 0  r a d  i s  e q u a l  t o  0.44.10-3, w h i l e  t h e  c o r 
r e s p o n d i n g  v a l u e  f o r  t h e  a v e r a g e  d u r a t i o n  o f  t h e  m i t o t i c  c y c l e  i s  
3 3 . 3  d a y s .  The a v e r a g e  v a l u e  o f  t h e  m i t o t i c  i n d e x  for t h e  f i r s t  
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s i x  d a y s  a f t e r  i r r a d i a t i o n  by  a d o s e  o f  700 r a d  i s  e q u a l  t o  
3 . 2 7 0 1 0 - ~ ,  w h i l e  t h e  c o r r e s p o n d i n g  v a l u e  f o r  t h e  a v e r a g e  d u r a t i o n  
o f  t h e  m i t o t i c  c y c l e  i s  4 . 5  d a y s .  T h u s ,  d u r i n g  t h i s  t i m e  a f t e r  
i r r a d i a t i o n  by a d o s e  o f  1 1 0 0  r a d ,  t h e  c e l l s  e n t e r  o n l y  i n t o  a 
f i r s t  a b e r r a n t  m i t o s i s ,  w h i l e ,  i n  t h e  case o f  i r r a d i a t i o n  i n  a d o s e  
o f  700  r a d ,  t h e  c e l l s  e n t e r  i n t o  a f i r s t  a n d  ( p a r t i a l l y )  s e c o n d  
a b e r r a n t  m i t o s i s .  The r e l a t i v e  r a d i a t i o n - s e n s i t i v i t y  f o r  t h e  v a r 
i o u s  s t a g e s  o f  t h e  m i t o t i c  c y c l e  t o  t h e  h i g h - e n e r g y  p r o t o n s ,  as 
w e  c a n  e a s i l y  s e e  f r o m  t h e  d a t a  shown i n  T a b l e  2 ,  w a s  s i m i l a r  t o  / 4 2 1  
t h e  r e l a t i v e  r a d i a t i o n - s e n s i t i v i t y  t o  y - r a y s .  S i n c e  t h e  a f t e r  
e f f e c t s  f o r  a n o n - u n i f o r m  d i s t r i b u t i o n  o f  t h e  g e n e t i c  m a t e r i a l s  i n  
t h e  p r o c e s s  o f  a b e r r a n t  m i t o s i s  c a n  b e  f o u n d  o n l y  i n  t h e  d a u g h t e r  
c e l l s ,  w e  c o u l d  n o t  d e t e r m i n e  t h e  number  o f  d i v i s i o n s  a f t e r  t h e  
i r r a d i a t i o n  i n  d o s e s  o f  700 a n d  1 1 0 0  r a d  ( a n d  t h e r f o r e  t h e  number  
o f  a b e r r a n t  c e l l s  f o r m e d  u n t i l  r e p r o d u c t i v e  d e s t r u c t i o n )  b e c a u s e  o f  
i n s u f f i c i e n t  t i m e  f o r  o b s e r v a t i o n .  However ,  t h e  t i m e  w e  h a d  w a s  
l o n g  enough  t o  d e t e r m i n e  t h i s  v a l u e  i n  t h e  c a s e  o f  i r r a d i a t i o n  i n  
d o s e s  o f  1 0 0  a n d  2 0 0  r a d .  The a v e r a g e  number  o f  d i v i s i o n s  i n  t h e  
a b e r r a n t  c e l l s  u n t i l  r e p r o d u c t i v e  d e s t r u c t i o n  w a s  e q u a l  t o  3 . 0 1  f o r  
i r r a d i a t i o n  i n  a d o s e  of 1 0 0  r a d ,  a n d  2 . 3 4  f o r  i r r a d i a t i o n  i n  a 
d o s e  o f  2 0 0  r a d .  

A s  was t h e  c a s e  f o r  i r r a d i a t i o n  by  y - r a y s  f rom C o 6 0 ,  t h e  d e 
g r e e  o f  damage t o  t h e  g e n e t i c  s t r u c t u r e s  o f  a c e l l  i n c r e a s e d  w i t h  
a n  i n c r e a s e  o f  t h e  d o s e ,  a n d  t h e  a v e r a g e  number  o f  d i v i s i o n s  i n  t h e  
a b e r r a n t  c e l l s  u n t i l  r e p r o d u c t i v e  d e s t r u c t i o n ,  d e c r e a s e d .  

I n t e r e s t i n g  i n f o r m a t i o n  c a n  b e  o b t a i n e d  by  a n a l y z i n g  t h e  dy
n a m i c s  a n d  d o s e - d e p e n d e n c e  o f  t h e  c h a n g e s  i n  t h e  number  o f  e p i t h e 
l i a l  c e l l s  i n  t h e  c o r n e a  o f  m i c e  w h i c h  w e r e  s u b j e c t e d  t o  t h e  e f f e c t  
o f  p r o t o n s  w i t h  an e n e r g y  o f  6 3 0  MeV. I r r a d i a t i o n  i n  a d o s e  o f  
1 0 0  r a d  c a u s e s  a d e c r e a s e  i n  t h e  number  o f  c e l l s  w i t h i n  t h e  f i e l d  
o f  v i s i o n  a p p r o x i m a t e l y  by  5 % .  A d e c r e a s e  o f  t h i s  i n d e x ,  w h i c h  
i s  c l o s e  i n  v a l u e  t o  t h e  o t h e r ,  c a n  b e  o b s e r v e d  i n  t h e  c a s e  o f  
i r r a d i a t i o n  i n  a d o s e  o f  2 0 0  r a d ,  as c a n  e a s i l y  b e  e s t a b l i s h e d  f rom 
t h e  d a t a  i n  T a b l e  2 .  I t  i s  p o s s i b l e  t h a t  i n  t h e  l a t t e r  c a s e  t h e  
r e c o v e r y  p r o c e s s e s  w e r e  s u p p r e s s e d  b e c a u s e  o f  t h e  r e p e a t e d  d e c r e a s e  
o f  t h e  m i t o t i c  a c t i v i t y ,  s o  t h a t  t h e  number  o f  c e l l s  w i t h i n  t h e  
f i e l d  o f  v i s i o n  o f  t h e  m i c r o s c o p e  r e m a i n s  d e c r e a s e d  a l m o s t  t h r o u g h 
o u t  t h e  e n t i r e  e x a m i n a t i o n .  

D u r i n g  a f u r t h e r  i n c r e a s e  i n  t h e  i r r a d i a t i o n  d o s e ,  t h e  a m p l i 
t u d e  o f  t h e  d e c r e a s e  i n  t h e  number  o f  c e l l s  i n c r e a s e s  s h a r p l y ,  a n d ,  
by t h e  e n d  o f  t h e  e x p e r i m e n t ,  r e a c h e s  t h e  f o l l o w i n g ;  1 8 %  f o r  i r r a 
d i a t i o n  o f  700  r a d ,  2 5 %  f o r  i r r a d i a t i o n  i n  a d o s e  c f  1 1 0 0  r a d .  We 
s h o u l d  n o t e  t h a t  t h e  d e c r e a s e  b e g i n s  i m m e d i a t e l y  a f t e r  t h e  i r r a d i 
a t i o n ,  when t h e  a b s o l u t e  number  o f  p a t h o l o g i c a l  m i t o s e s  i s  s m a l l ,  
b e c a u s e  o f  t h e  c o n s i d e r a b l e  s u p p r e s s i o n  o f  t h e  m i t o t i c  a c t i v i t y  
d u r i n g  t h i s  p e r i o d .  T h u s ,  t h e  d e s t r u c t i o n  o f  t h e  c e l l s  r e l a t e d  t o  
a b e r r a n t  m i t o s i s  c a n n o t  b e  a t  a l l  s u b s t a n t i a l  i n  t h i s  c a s e ,  a n d  
t h e  s o - c a l l e d  “ i n t e r p h a s a l  d e s t r u c t i o n ”  i s  t h e  p r i n c i p a l  c o n t r i b u 
t o r  t o  t h e  d e c r e a s e  i n  t h e  number  o f  c e l l s .  
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H a v i n g  c o m p a r e d  t h e  r e s u l t s  o f  m e a s u r i n g  t h e  number  o f  c e l l s  
i n  t h e  e p i t h e l i u m  o f  t h e  c o r n e a  f o r  t h e  mice w h i c h  u n d e r w e n t  t h e  
e f f e c t  o f  y - r a d i a t i o n  f r o m  Co60 a n d  p r o t o n s  w i t h  an e n e r g y  o f  6 3 0  
M e V  i n  v a r i o u s  d o s e s ,  i t  i s  e a s y  t o  e s t a b l i s h  t h a t  t h e  p r o t o n  r a d i 
a t i o n  , g e n e r a l l y  s p e a k i n g ,  h a s  a d e f i n i t e ,  s p e c i f i c  i n j u r i o u s  e f 
f e c t .  The r e a s o n  f o r  t h i s  m o s t  p r o b a b l y  i s  t h a t  t h e  r a t e  o f  t h e  
" i n t e r p h a s a l  d e s t r u c t i o n "  o f  t h e  c e l l s  w h i c h  a r e  i n j u r e d  by t h e  
h i g h - e n e r g y  p r o t o n s  i s  i n c r e a s e d .  The RBE v a l u e  f o r  t h e  p r o t o n s  
w i t h  a n  e n e r g y  o f  6 3 0  M e V ,  e v a l u a t e d  a c c o r d i n g  t o  t h e  c r i t e r i o n  
o f  " i n t e r p h a s a l  d e s t r u c t i o n " ,  c e r t a i n l y  m u s t  b e  g r e a t e r  t h a n  o n e  / 4 2 2  
u n i t .  An i n d i c a t i o n  o f  t h i s  i s  t h e  p r e s e n c e  o f  d e s t r u c t i v e  p r o c e s s e s  
d u r i n g  t h e  e a r l y  p e r i o d s  a f t e r  t h e  p r o t o n  i r r a d i a t i o n  i n  d o s e s  o f  
7 0 0  a n d  1 1 0 0  r a d ,  w h i c h  a r e  a b s e n t  or c o n c e a l e d  as a r e s u l t  o f  t h e  
low i n t e n s i t y  i n  t h e  c a s e  o f  t h e  e f f e c t  o f  y - r a y s  f r o m  C o 6 0  i n  a 
d o s e  o f  7 0 0  r a d .  

A s  w e  a l r e a d y  m e n t i o n e d ,  i n  a d d i t i o n  t o  t h e  " i n t e r p h a s a l  d e 
s t r u c t i o n " ,  t h e  i n t e g r a l  p r o c e s s  o f  r a d i a t i o n  d e s t r u c t i o n  c a n  a l s o  
b e  a u g m e n t e d  by  t h e  d e s t r u c t i o n  o f  t h e  c e l l s  f o r m e d  as a r e s u l t  o f  
a b e r r a n t  m i t o s i s .  On t h e  b a s i s  o f  t h e  RBE v a l u e  f o r  t h e  p r o t o n s  
w i t h  an e n e r g y  o f  6 3 0  MeV d e t e r m i n e d  by t h e  g e n e t i c  e f f e c t ,  a n d  
a c c o r d i n g  t o  t h e  r e s u l t s  o f  s t u d y i n g  t h e  r e p r o d u c t i v e  d e s t r u c t i o n  
o f  t h e  a b e r r a n t  c e l l s ,  we c a n  e x p e c t  t h a t ,  f o r  t h e  e f f e c t  o f  y 
r a d i a t i o n  a n d  t h e  p r o t o n s  i n  v a r i o u s  d o s e s ,  t h e  r a t e  o f  w h i c h  t h e  
c e l l s  d i e  o f f  b e c a u s e  o f  g e n e t i c  c a u s e s  w i l l  b e  l e s s  i n  t h e  c a s e  
o f  t h e  p r o t o n  i r r a d i a t i o n .  S i n c e  i t  s e e m s  i m p o s s i b l e  t o  make a n y  
r e l i a b l e  d e t e r m i n a t i o n  o f  t h e  r e l a t i v e  d e g r e e  o f  p a r t i c i p a t i o n  o f  
e a c h  d e s t r u c t i v e  m e c h a n i s m ,  we c a n  o n l y  e m p h a s i z e  t h a t  t h e  RBE 
v a l u e  f o r  t h e  p r o t o n s  w i t h  an e n e r g y  o f  6 3 0  MeV d e t e r m i n e d  a c c o r d 
i n g  t o  t h e  i n t e n s i t y  o f  t h e  d e s t r u c t i v e  p r o c e s s e s  m u s t  b e  i n c l u d e d  
among t h e  RBE v a l u e s  w h i c h  c o r r e s p o n d  t o  t h e  g e n e t i c  e f f e c t  a n d  
t h e  " i n t e r p h a s  a 1  d e s t r u c t  i o n " .  Rough s e m i - q u a n t i t a t i v e  e v a l u a t i o n s  
o f  t h e  RBE i n  t h i s  c a s e  g i v e  a v a l u e  w h i c h  i s  c l o s e  t o  a u n i t ,  or 
w h i c h  somewhat  e x c e e d s  a u n i t .  We c o u l d  a l s o  draw t h e  same c o n 
c l u s i o n  f r o m  a d i r e c t  a n a l y s i s  o f  t h e  c h a n g e s  i n  t h e  number  o f  
c e l l s  w i t h i n  t h e  f i e l d  o f  v i s i o n .  

DISCUSSION 

A c c o r d i n g  t o  a w i d e l y  a c c e p t e d  p o i n t  o f  v i e w  C211, b o t h  g e n e t i c  
m u t a t i o n s  a n d  chromosome a b e r r a t i o n s  a r e  l o c a l  r e a c t i o n s  t o  one  o r  
s e v e r a l  i o n i z a t i o n s ,  as a r e s u l t  o f  w h i c h  t h e  g e n e t i c  e f f e c t  o f  
a n y  t y p e  o f  r a d i a t i o n  i s  d e t e r m i n e d ,  e s s e n t i a l l y ,  by  t h e  l i n e a r  
l o s s  o f  e n e r g y  (LLE) o f  t h e  g i v e n  t y p e  o f  r a d i a t i o n  a n d  t h e  g e n e t i c  
s t r u c t u r e  o f  t h e  o b j e c t  b e i n g  e x a m i n e d .  I n  c o n t r a s t  t o  t h i s ,  t h e  
p h y s i o l o g i c a l  e f f e c t  o f  r a d i a t i o n ,  o n e  o f  t h e  phenomena  o f  w h i c h  i s  
t h e  r e v e r s i b l e  s u p p r e s s i o n  o f  c e l l  d i v i s i o n  a n d  t h e  " i n t e r p h a s a l  
d e s t r u c t i o n "  o f  t h e  c e l l s ,  i s  n o t  , l o c a l i z e d  a t  t h a t  p o i n t  i n  t h e  
c e l l  w h e r e  t h e  i o n i z a t i o n  o c c u r r e d  I t  i s  c a u s e d  by c h a n g e s  i n  
t h e  c h e m i c a l  s t r u c t u r e  o f  t h e  c e l l  as a w h o l e ,  a n d  i s  d e t e r m i n e d  
by t h e  t o t a l  amount  o f  e n e r g y  a b s o r b e d  by t h e  c e l l .  O b v i o u s l y ,  t h e  
RBE v a l u e s  e v a l u a t e d  by t h e  g e n e t i c  a n d  p h y s i o l o g i c a l  e f f e c t s  o f  
r a d i a t i o n  c a n  d i f f e r  g r e a t l y  f r o m  one  a n o t h e r .  
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I t  i s  w e l l  known t h a t  a n  i n c r e a s e  i n  t h e  s p e c i f i c  d e n s i t y  o f  
i o n i z a t i o n  f r o m  3 t o  100  p a i r s  of  i o n s  p e r  1 p r a n g e  i s  s c a r c e l y  
r e f l e c t e d  i n  t h e  RBE v a l u e ,  w h i c h  r e m a i n s  r o u g h l y  e q u a l  t o  o n e  u n i t  
c 2 5 2 .  The u n i t  i o n i z a t i o n  o f  p r o t o n s  w i t h  a n  e n e r g y  o f  120  M e V  i s  
e q u a l  t o  20 p a i r s  o f  i o n s  p e r  1 1-1 r a n g e ,  a n d  t h a t  o f  p r o t o n s  w i t h  
a n  e n e r g y  o f  660  M e V  i s  e q u a l  t o  6 p a i r s  c 8 1 .  T a k i n g  t h i s  i n t o  
a c c o u n t  , a n d  c o n s i d e r i n g  t h e  r e l a t i v e  u n i f o r m i t y  o f  t h e  g e n e t i c  
s t r u c t u r e s  i n  t h e  c e l l s  o f  m a m m a l s ,  w e  c a n  e x p e c t  t h a t  t h e  RBE /42  3 
v a l u e  o f  t h e  p r o t o n s  e v a l u a t e d  b y  t h e  g e n e t i c  e f f e c t  h a s  p r a c t i c a l l y  
n o  r e l a t i o n  t o  t h e  e n e r g y  o f  t h e  p a r t i c l e s  i n  t h e  r a n g e  o f  e n e r g i e s  
f r o m  1 2 0  t o  660 M e V .  The d a t a  a v a i l a b l e  i n  l i t e r a t u r e  i n d i c a t e  
t h a t  t h i s  i s  a c t u a l l y  s o ,  f o r  t h e  RBE v a l u e  e v a l u a t e d  by  t h e  g e n e t i c  
e f f e c t  i s  a p p r o x i m a t e l y  e q u a l  t o  0 . 7  i n  t h e  r a n g e  o f  p a r t i c l e  
e n e r g i e s  b e i n g  e x a m i n e d .  A c c o r d i n g  t o  d a t a  w e  o b t a i n e d  p r e v i o u s l y  
C31 a n d  t h i s  s t u d y ,  t h e  RBE v a l u e s  o f  t h e  p r o t o n s  w i t h  e n e r g i e s  o f  
1 2 6  a n d  630 M e V  w h i c h  a r e  e v a l u a t e d  a c c o r d i n g  t o  t h e  d o s e - d e p e n d e n c e  
o f  t h e  r e l a t i v e  p e r c e n t a g e  o f  chromosome a b e r r a t i o n s  i n  t h e  e p i t h e 
l i u m  o f  t h e  c o r n e a  i n  t h e  mouse p r a c t i c a l l y  c o i n c i d e :  t h e y  a r e  
e q u a l  t o  0 . 6 7  a n d  0 . 6 5 ,  r e s p e c t i v e l y .  S i m i l a r  v a l u e s  were o b t a i n e d  
by  o t h e r  a u t h o r s  [ 8 , 2 0 ]  who e x a m i n e d  t h e  chromosome a b e r r a t i o n s  i n  
b o n e  mar row,  g r a i n s  o f  w h e a t  a n d  b a r l e y ,  a n d  t i p s  o f  V i c i a  f a b a  
r o o t s ,  as w e l l  a s  t h e  d o m i n a n t  l e t h a l s  i n  f r u i t - f l i e s .  On t h e  
b a s i s  o f  a n  a n a l y s i s  o f  t h e  chromosome a b e r r a t i o n s  i n  b o n e  mar row,  
N . L .  Shmakova [ 1 2 ]  g i v e s  a v a l u e  o f  0 . 6 5  f o r  t h e  RBE o f  p r o t o n s  w i t h  
a n  e n e r g y  o f  660 M e V .  A v a l u e  e q u a l  t o  0 . 7  w a s  o b t a i n e d  f o r  t h e  
R B E  o f  t h e  p r o t o n s  by  G . F .  P a l ' g a  [ S I  i n  e x p e r i m e n t s  e x a m i n i n g  t h e  
a b e r r a n t  m i t o s i s  i n  a s t i m u l a t e d  h e p a t e c t o m y .  Y e .  D .  P l o t n i k o v a  
a n d  S.I. S t r a s h n e n k o  [ 7 ]  showed  t h a t  t h e  R B E  v a l u e  o f  p r o t o n s  w i t h  
a n  e n e r g y  o f  500 M e V  c a l c u l a t e d  a c c o r d i n g  t o  t h e  f r e q u e n c y  o f  dom
i n a n t  l e t h a l s  i n  t h e  s p e r m a t o z o a  o f  r a t s  i s  e q u a l  t o  0 . 6 - 0 . 7 .  

The e v a l u a t i o n s  o f  t h e  RBE f o r  h i g h - e n e r g y  p r o t o n s  a c c o r d i n g  
t o  t h e  p h y s i o l o g i c a l  e f f e c t  o f  r a d i a t i o n  a r e  much l e s s  h o m o g e n e o u s .  
The r e a s o n  f o r  t h i s ,  i n  our o p i n i o n ,  i s  t h e  c o m p l e x i t y  o f  t h e  p h y s i 
o l o g i c a l  e f f e c t  i t s e l f ,  w h i c h  a p p e a r s  i n  t h e  f o r m  o f  a l a r g e  number  
o f  phenomena  o f  a more  s i m p l e  n a t u r e  w h i c h  c h a n g e  w i t h  t i m e .  A s  
a r e s u l t ,  d e t e r m i n a t i o n  o f  t h e  c r i t e r i o n  w h i c h  g i v e s  a q u a n t i t a t i v e  
e v a l u a t i o n  of  t h e  e f f e c t  w i t h  a s u f f i c i e n t  d e g r e e  o f  r e l i a b i l i t y  i s  
r a t h e r  c o m p l i c a t e d .  Such  a c r i t e r i o n  h a s  s t i l l  n o t  b e e n  f o u n d ,  e v e n  
f o r  s u c h  f r e q u e n t l y - e x a m i n e d  c h a r a c t e r i s t i c s  as t h e  m i t o t i c  a c t i v i t y  
a n d  t h e  number? of  c e l l s  i n  t h e  t i s s u e s  o f  i r r a d i a t e d  a n i m a l s ,  i n  
r e l a t i o n  t o  w h i c h  w e  c a n  make o n l y  a p p r o x i m a t i v e  e v a l u a t i o n s  o f  
t h e  RBE by t h e s e  c h a r a c t e r i s t i c s .  T h u s ,  a c c o r d i n g  t o  t h e  d a t a  o f  
N . L .  Shmakova [ 1 2 ] ,  t h e  RBE v a l u e  f o r  t h e  h i g h - e n e r g y  p r o t o n s  w h i c h  
i s  d e t e r m i n e d  by  t h e  . r a t e  o f  r e c o v e r y  o f  t h e  m i t o t i c  a c t i v i t y  c a n  
r e a c h  2 . 0  C261. 

An a t t e m p t  t o  s t a n d a r d i z e  t h e  d e t e r m i n a t i o n  o f  t h e  RBE by  t h e  
p h y s i o l o g i c a l  e f f e c t  o f  r a d i a t i o n ,  b y  means  o f  a n  e x p o n e n t i a l  a p 
p r o x i m a t i o n  of  t h e  c u r v e s  f o r  t h e  r e c o v e r y  o f  m i t o t i c  a c t i v i t y ,  
w a s  d e s c r i b e d  i n  a s t u d y  b y  A . D .  S t r z h i z h o v s k i y  [ l o ] .  D e s p i t e  t h e  
d i s a d v a n t a g e s  i n h e r e n t  i n  t h i s  m e t h o d ,  h e  w a s  a b l e  t o  d e t e r m i n e  t h e  
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RBE v a l u e  w i t h  h i g h  r e l i a b i l i t y .  The  RBE v a l u e s  f o r  p r o t o n s  w i t h  
e n e r g i e s  o f  1 2 6  a n d  6 3 0  M e V  w h i c h  were o b t a i n e d  b y  u s i n g  t h e  a b o v e -
m e n t i o n e d  m e t h o d  were c l o s e  t o  a u n i t .  T h i s  means  t h a t ,  i n  c o n t r a s t  
t o  t h e  g e n e t i c  e f f e c t  o f  r a d i a t i o n ,  t h e  m o s t  s u b s t a n t i a l  f a c t o r  i n  
t h e  case b e i n g  e x a m i n e d  i s  t h e  total amoun t  o f  e n e r g y ,  p r a p o r t i o n a l  / 4 2 4  
t o  t h e  d o s e  o f  r a d i a t i o n  a b s o r b e d  by  t h e  c e l l ,  a n d  n o t  t h e  d e n s i t y  
o f  t h e  i o n i z a t i o n .  

I n  c o n c l u s i o n ,  l e t  u s  e x a m i n e  t h e  e v a l u a t i o n s  o f  t h e  RBE 
a c c o r d i n g  t o  t h e  f a t a l i t y  r a t e  o f  t h e  i r r a d i a t e d  mice d u r i n g  t h e  
e a r l y  p e r i o d s  a f t e r  t h e  r a d i a t i o n a l  e f f e c t .  A c c o r d i n g  t o  t h e  d a t a  
i n  t h e  l i t e r a t u r e  [ 2 ,  5 ,  1 5 1 ,  i t  i s  e q u a l  t o  0 . 7 7  f o r  p r o t o n s  w i t h  
a n  e n e r g y  o f  1 5 7  M e V ,  a n d  t o  0.5-0:6 for p r o t o n s  w i t h  a n  e n e r g y  
o f  660  M e V ,  ; . e . ,  i t  p r a c t i c a l l y  c o i n c i d e s  w i t h  t h e  v a l u e s  f o u n d  
on t h e  b a s i s  of e x a m i n i n g  t h e  g e n e t i c  e f f e c t  o f  r a d i a t i o n  w i t h i n  
t h e  r a n g e  o f  i r r a d i a t i o n  d o s e s  f r o m  1 0 0  t o  1 0 0 0  r a d .  
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CYTOLOGICAL ANALYSIS OF THE DAMAGE TO THE INTESTINAL EPITHELIUM OF 
MICE CJHICH WERE SUBJECTED TO IRRADIATION BY PROTONS WITH AN 

ENERGY OF 630 MEV 
V . M .  M a s t r y u k o v a  a n d  A . D .  S t r z h i z h o v s k i y  

ABSTRACT:  The prob lem of t h e  s p e c i f i c  f e a t u r e s  
of t h e  e f f e c t  of h igh-energy  p r o t o n s  on r a d i a 
t i o n - s e n s i t i v e  t i s s u e s ,  p a r t i c u l a r l y  t h e  e p i t h e 
l i u m  of t h e  duodenum, was examined i n  t h i s  s t u d y .  
The e x a m i n a t i o n  i s  of d e f i n i t e  i n t e r e s t  f rom t h e  
p o i n t  of v i e w  of t h e  remote  p o s s i b i l i t y  of i r r a d 
i a t i o n  of t h e  a s t r o n a u t s  by p r o t o n  r a d i a t i o n  f rom 
s o  Zar f l a r e s .  

In a preceding article (see this volume), we described in de- /42E 
tail the dose-dependence and dynamics of the mitotic activity, the 
percentage of chromosome aberrations, and the number of cells in the 
epithelium of the cornea in mice which were subjected to irradiation 
by protons with an energy of 630 MeV and by y-radiation from C o 6 0 .  
The results of the study indicated that despite the high radiation-
sensitivity of the mitotic activity and the genetic structures of 
the cells, the decrease in the number of cells in the tissue was 
relatively small, even for irradiation in fatal doses. Thus, the 
epithelium of the cornea was a comparatively radiation-resistant 
tissue. One of the causes of this is the presence of specific 
mechanisms which increase the resistance of the epithelium in the 
cornea to various external effects. In the case of a radiation 
effect, these mechanisms can greatly compensate for the process of 
the destruction of cells by radiation. 

In the light of what we have said above, an examination of the 
specific features for the effect of high-energy protons on radiation-
sensitive tissues is of substantial interest. The epithelium of the 
intestine is a very convenient model for this. It is well known 
C4, 8, 131 that injury to the intestine is one of the character
istic signs of radiation sickness, while for irradiation within the 
range of doses from 1 to 10 krad it determines its trend and the 
end results. In this article, we are presenting the results of 
studying the biological effect of protons with an energy of 630 
MeV on the epithelial cells in the duodenum of the mouse. 

METHODS 


The examinations were conducted on mice of the CC57br strain. 

The experimental animals were irradiated totally by protons with an 

energy of 630 MeV on the synchrocyclotron at Dubna in doses of 200, 
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7 0 0 ,  a n d  1 1 0 0  r a d .  The  d o s e  r a t e  w a s  e q u a l  t o  3 1 . 9  r a d / s e c .  The  
i r r a d i a t e d  a n i m a l s  were  d e c a p i t a t e d  s i m u l t a n e o u s l y  w i t h  t h e  c o n t r o l s ,  
6 h o u r s ,  1, 3 ,  6 ,  a n d  9 d a y s  a f t e r  t h e  i r r a d i a t i o n .  The d e c a p i t a 
t i o n  w a s  a l w a y s  d o n e  a t  n o o n ,  when t h e  m i t o t i c  i n d e x  f o r  t h e  
i n t e s t i n a l  e p i t h e l i u m  w a s  c l o s e  t o  i t s  a v e r a g e  v a l u e  p e r  d a y  ( 5 - 8 ) .  
The s e c t i o n s  o f  t h e  duodenum w e r e  p l a c e d  i n  C a r n o t  s o l u t i o n  a n d  
t h e n  p o u r e d  i n t o  p a r a f f i n .  Then  w e  p r e p a r e d  s e c t i o n s  f r o m  them 
( w i t h  a t h i c k n e s s  o f  5 u ) ,  w h i c h  w e  s t a i n e d  w i t h  h e m a t o x y l i n  ac
c o r d i n g  t o  K a r a c h i .  

For t h e  c y t o l o g i c a l  a n a l y s i s ,  w e  u s e d  t h e  f o l l o w i n g  c r i t e r i a :  
(1) t h e  number  o f  e p i t h e l i a l  c e l l s  a l o n g  t h e  m i d l i n e  o f  a c r y p t  a n d  
a v i l l u s ;  ( 2 )  t h e  m i t o t i c  i n d e x  for t h e  e p i t h e l i u m  o f  t h e  c r y p t ;  / 426  
(3) t h e  r e l a t i v e  p e r c e n t a g e  o f  a b e r r a n t  m i t o s e s  ( b r i d g e s  a n d  a c e n t r i c  
f r a g m e n t s )  a t  t h e  s t a g e  o f  t h e  l a t e  a n a p h a s e  or e a r l y  t e l o p h a s e .  
The c a l c u l a t i o n  m e t h o d s  were  d e s c r i b e d  i n  g r e a t e r  d e t a i l  i n  a s t u d y  
b y  I . B .  S m i r n o v a  [ 5 ] .  F o r  e a c h  a n i m a l ,  w e  c a l c u l a t e d  t h e  number  o f  
c e l l s  i n  1 0  c r y p t s  a n d  v i l l i ,  as w e l l  a s  t h e  number  o f  m i t o s e s  i n  
5 0  c r y p t s ,  a f t e r  w h i c h  we c a l c u l a t e d  t h e  a v e r a g e  number  o f  c e l l s  a n d  
t h e  m i t o t i c  i n d e x  o f  a c r y p t .  

R E S U L T S  

The a v e r a g e  number  o f  c e l l s  a l o n g  t h e  m i d l i n e  o f  t h e  c r y p t s  
i n  t h e  c o n t r o l  a n i m a l s  was e q u a l  t o  6 3 . 2  f 1 . 5 .  The a n a l o g o u s  
v a l u e  f o r  t h e  v i l l i  w a s  e q u a l  t o  2 2 2 . 7  * 2 . 2 .  The m i t o t i c  i n d e x  
f o r  t h e  e p i t h e l i u m  o f  t h e  c r y p t s  i n  t h e  c o n t r o l  mice  was e q u a l  t o  
( 3 7 . 9  * 1 . 9 > * 1 0 - 3 ,  a n d  t h e  r e l a t i v e  p e r c e n t a g e  o f  a b e r r a n t  m i t o s e s  
w a s  0 . 0 0 8  f 0 . 0 0 5  ( T a b l e ) .  

DOSE-DEPENDENCE A N D  D Y N A M I C S  
E P I T H E L I U M  OF T H E  D U O D E N U M  I N  

OF T H E  C Y T O L O G I C A L  PARAMETERS FOR T H E  
M I C E  W H I C H  WERE S U B J E C T E D  T O  I R R A D I A -

T I O N  B Y  PROTONS 
-

D o s e ,  r a d  r i m e  betwen ?el&ve Amt 
Irradiation and 3f Aterrant 
De capilation M i t o s e s  

~ -_-
C o n t r o l  O,008f@.OO5 

6 h o u r s  0,327&0.027 
1 d a y  0,278fO.026 

200 
35.0f2.4 
44&2,1 

3 d a y s  
6 d a y s  
9 d a y s  

0,265f0.015 
0,250f0.021 
0.194*0.022 

b 8 f 0 .6 h o u r s  0,896f09C65 

7 0 0  
24,0flb41 d a y  

3 d a y s  
6 d a y s  

0,646f0.013 
0,282f0,024 
0,3118&0,088 

6 h o u r s  1,000 
1100 1 d a y  0,817f0.056 

--~ . , .  

W I T H  A N  E N E R G Y  OF 630 M e V  

No. cf C e l l s  
alon g tk Mid 
l h  ofaCrypt 

63,2&1 .5 
64.3f 1.8 
55 7f2.5 
66,7f i ,4 
60,4*2,0 
66,7f2,6 ' 

52,7f 1.5 
41,2f1.3 
68.6&2,0 
65.41t2.8 
53.2f I .6 
34,8f 1.7 

- .  

No. o f c e l l s  
a l o n g  t h e  
M i d l i n e  o f  a 

V i l l u s  

222.7k2.2 
212.9f0,Q 
206.4*3,6 
209.7f2.2 
206,6f2,8 
216.4f362 

196.7f3.6 
307,5f3.3 
58,0f2,5 

181.4&8,5 
21 1.4+4,0 
19Y.5&2,7 
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Knowing t h e  m i t o t i c  i n d e x  a n d  t h e  a v e r a g e  d u r a t i o n  f o r  t h e  
m i t o s i s  o f  a t i s s u e  w h i c h  i s  i n  e q u i l i b r i u m ,  w e  c a n  d e t e r m i n e  t h e  
a v e r a g e  t i m e  f o r  i t s  r e s t o r a t i o n .  For t h e  c r y p t s  p e c u l i a r  t o  t h e  
e p i t h e l i u m  i n  t h e  duodenum o f  t h e  c o n t r o l  mice ,  t h e  m i t o t i c  i n d e x  
w a s  3 7 . 9 - 1 0 - 3 ,  a n d  t h e  a v e r a g e  d u r a t i o n  f o r  t h e  m i t o s i s  w a s  a b o u t  
1 8  min [SI, w h i l e  t h e  a v e r a g e  r e c o v e r y  t i m e  w a s  a p p r o x i m a t . e l y  e q u a l  
t o  8 h o u r s .  S i m i l a r  c a l c u l a t i o n s  were o b t a i n e d  p r e v i o u s l y  i n  e x 
p e r i m e n t s  u s i n g  r a d i o a c t i v e  l a b e l l i n g  [ 9 ,  1 2 1 .  T h u s ,  e a c h  h o u r ,  

6 3 * 2  -N 8 c e l l s  o f  t h e  m i d l i n e  o f  a c r y p t  m i g r a t e  t o  a v i l l u s ,  w h i l e  / 4 2 78 
t h e  new c e l l s  a r i s i n g  d u r i n g  t h e  p r o c e s s  o f  c e l l u l a r  r e p r o d u c t i o n  
r e p l a c e  t h e m .  S i n c e  a . c r y p t  i s  i n  e q u i l i b r i u m  w i t h  a v i l l u s ,  
r o u g h l y  8 c e l l s  a l o n g  t h e  m i d - l i n e  o f  t h e  l a t t e r  a l s o  m u s t  d i e  o f f  
i n  a n  h o u r .  O b v i o u s l y ,  f o r  r e n o v a t i o n  o f  a l l  2 2 2 . 7  c e l l s  a l o n g  t h e  

2 2 2 . 7m i d - l i n e  o f  a v i l l u s ,  -8 2-28 h o u r s  a r e  n e c e s s a r y .  The l i f e t i m e  

o f  a c e l l ,  f r o m  t h e  moment of  i t s  a p p e a r a n c e  t o  t h e  moment o f  
d e s q u a m a t i o n  i n t o  t h e  lumen o f  t h e  i n t e s t i n e  i s ,  on  t h e  a v e r a g e ,  
e q u a l  t o  8 + 28 = 36 h o u r s .  

On t h e  b a s i s  o f  t h e  d a t a  i n  t h e  l i t e r a t u r e  [lo, 141, we c a n  
e x p e c t  t h a t  t h e  i r r a d i a t i o n  o f  t h e  a n i m a l s  i n  t h e  d o s e  r a n g e  b e i n g  
e x a m i n e d  w i l l  c a u s e  a l m o s t  c o m p l e t e  s u p p r e s s i o n  o f  t h e  m i t o t i c  
a c t i v i t y  i m m e d i a t e l y  a f t e r  t h e  r a d i a t i o n  e f f e c t .  The c u r v e s  for 
r e c o v e r y  o f  t h e  m i t o t i c  a c t i v i t y  i n  t h e  i n t e s t i n a l  e p i t h e l i u m  o f  t h e  
i r r a d i a t e d  m i c e  o b v i o u s l y  c o n s i s t  o f  s e g m e n t s  w i t h  a n  i n i t i a l  i n 
c r e a s e ,  a r e p e a t e d  d r o p ,  a n d  t h e n  a s u b s e q u e n t  f i n a l  r e c o v e r y  C141. 

From t h e  d a t a  shown i n  t h e  t a b l e ,  we c a n  e a s i l y  e s t a b l i s h  t h a t  
t h e  m i t o t i c  a c t i v i t y  i n  t h e  i n t e s t i n a l  e p i t h e l i u m  o f  t h e  m i c e  wh ich  
u n d e r w e n t  i r r a d i a t i o n  by a d o s e  o f  2 0 0  r a d  i s  p r a c t i c a l l y  r e c o v e r e d  
e v e n  w i t h i n  6 h o u r s  a f t e r  t h e  r a d i a t i o n  e f f e c t .  T h e r e  was p r o b a b l y  
a r e p e a t e d  d r o p  d u r i n g  t h e  p e r i o d  b e t w e e n  t h e  6 t h  a n d  2 4 t h  h o u r s .  
However ,  d u r i n g  t h e  f o l l o w i n g  p e r i o d ,  t h e r e  w a s  a f i n a l  r e c o v e r y ,  
a n d  ( b e g i n n i n g  w i t h  t h e  3 r d  d a y  a f t e r  t h e  i r r a d i a t i o n )  t h e  m i t o t i c  
i n d e x  f o r  t h e  duodenum o f  t h e  i r r a d i a t e d  m i c e  w a s  t h e  same a s  t h e  
norm.  

With  a n  i n c r e a s e  i n  t h e  i r r a d i a t i o n  d o s e ,  t h e  r a t e  o f  r e c o v e r y  
o f  t h e  m i t o t i c  a c t i v i t y  d e c r e a s e s .  W i t h i n  6 h o u r s  a f t e r  i r r a d i a t i o n  
by a d o s e  o f  7 0 0  r a d ,  t h e  m i t o t i c  i n d e x  f o r  t h e  e p i t h e l i u m  o f  t h e  
c r y p t s  i n  t h e  duodenum i s  o n l y  1 2 . 7 %  o f  i t s  o r i g i n a l  v a l u e .  Normal 
i z a t i o n  o c c u r s  on t h e  3 r d  d a y  a f t e r  i r r a d i a t i o n .  However t h i s  i s  
t e m p o r a r y ,  a n d  i t  g i v e s  way a new d r o p  i n  t h e  m i t o t i c  a c t i v i t y .  
W i t h i n  6 d a y s  a f t e r  i r r a d i a t i o n ,  t h e  m i t o t i c  i n d e x  f o r  t h e  e p i t h e l i u m  
o f  t h e  c r y p t s  i s  d e c r e a s e d  by more t h a n  t w i c e ,  i n  c o m p a r i s o n  w i t h  
t h e  c o n t r o l s .  I r r a d i a t i o n  by a d o s e  of 1 1 0 0  r a d  c a u s e s  e v e n  g r e a t e r  
s u p p r e s s i o n  o f  t h e  m i t o t i c  a c t i v i t y .  W i t h i n  6 h o u r s  a f t e r  t h e  
e f f e c t ,  t h e  m i t o t i c  i n d e x  f o r  t h e  e p i t h l i u m  o f  t h e  c r y p t s  i s  r e -
c o v e r e d  o n l y  by 7 . 4 % ,  a n d ,  a f t e r  2 4  h o u r s ,  by 4 6 . 5 % .  

I n  a d d i t i o n  t o  t h e  m i t o t i c  a c t i v i t y ,  t h e  h i g h - e n e r g y  p r o t o n s  
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c a u s e  a n  i n h i b i t i o n  o f  t h e  g e n e t i c  s t r u c t u r e s  i n  t h e  c e l l s .  T h i s  

a p p e a r s  v i s u a l l y  i n  t h e  f o r m  o f  chromosome a b e r r a t i o n s .  From t h e  

d a t a  shown i n  t h e  t a b l e ,  w e  c a n  e a s i l y  e s t a b l i s h  t h a t  0.327 of  t h e  

t o t a l  number  o f  m i t o s e s  o b s e r v e d  i n  t h e  e p i t h e l i a l  c e l l s  o f  t h e  

c r y p t s  a r e  a b e r r a n t  w i t h i n  6 h o u r s  a f t e r  i r r a d i a t i o n  by  a d o s e  o f  

200 r a d .  The c e l l s  w i t h  chromosome a b e r r a t i o n  r e m a i n  i n  t h e  t i s s u e  

f o r  a l o n g  t i m e .  About  85% o f  t h e  o r i g i n a l  number  o f  a b e r r a n t  c e l l s  

r e m a i n  i n  t h e  t i s s u e  f o r  o n e  d a y ,  more t h a n  81% r e m a i n  for 3 d a y s ,  
/428 
a n d  r o u g h l y  76% r e m a i n  f o r  6 d a y s .  Even  On t h e  9 t h  d a y  a f t e r  i r r a d 
i a t i o n ,  a p p r o x i m a t e l y  1 9 %  o f  t h e  c e l l s  i n  t h e  e p i t h e l i u m  o f  t h e  
c r y p t s  h a v e  chromosome a b e r r a t i o n s ,  w h i c h  i s  a b o u t  6 0 %  o f  t h e  
o r i g i n a l  v a l u e .  The a v e r a g e  v a l u e  f o r  t h e  m i t o t i c  i n d e x  o f  t h e  
e p i t h e l i u m  i n  t h e  c r y p t s  d u r i n g  t h e  p e r i o d  f r 0 . m  6 h o u r s  t o  9 d a y s  
a f t e r  i r r a d i a t i o n  by  a d o s e  o f  200 r a d  i s  e q u a l  t o  35.5*10-3, 
w h i c h  c o r r e s p o n d s  t o  t h e  a v e r a g e  d u r a t i o n  o f  a c e l l u l a r  c y c l e  o f  
8.5 h o u r s .  I t  f o l l o w s  f r o m  t h i s  t h a t  w i t h i n  a b o u t  o n e  d a y  a f t e r  
i r r a d i a t i o n ,  t h e  c e l l s  u n d e r g o  a s e c o n d  m i t o t i c  c y c l e ;  and  w i t h i n  
3 d a y s ,  t h e y  u n d e r g o  e i g h t .  W i t h i n  6 d a y s ,  t h e y  a c c o m p l i s h  s i x t e e n  
m i t o t i c  c y c l e s  a n d  w i t h i n  9 d a y s ,  t h e y  f i n i s h  t w e n t y - f i v e .  T h u s ,  
o n l y  15% o f  t h e  a b e r r a n t  c e l l s  d i v i d e  f r o m  2 t o  8 t i m e s ,  5 %  f r o m  8 
t o  16 t i m e s ,  a n d  16% f r o m  16 t o  25 t i m e s ;  f i n a l l y ,  a b o u t  60% o f  t h e  
a b e r r a n t  c e l l s  d i v i d e  more t h a n  25 t i m e s .  I t  i s  o b v i o u s  t h a t  t h e  
g e n e t i c  damage o c c u r r i n g  i n  t h e  e p i t h e l i a l  c e l l s  o f  t h e  c r y p t s  o f  
t h e  duodenum i n  t h e  m i c e  a f t e r  i r r a d i a t i o n  by  a d o s e  o f  2 0 0  r a d  h a s  
a weak e f f e c t  on t h e  r e p r o d u c t i v e  c a p a c i t y  o f  t h e  c e l l s .  

A d i f f e r e n t  p i c t u r e  c a n  b e  o b s e r v e d  when t h e  a n i m a l s  a r e  g i v e n  
a d o s e  o f  7 0 0  r a d :  t h e  c e l l s  w i t h  chromosome a b e r r a t i o n s  a r e  e l i m 
i n a t e d  much more r a p i d l y  f r o m  t h e  t i s s u e .  I t  w a s  shown a b o v e  t h a t  
f o r  a m i t o t i c  i n d e x  o f  3 7 . 9 - 1 0 - ~, t h e  d u r a t i o n  o f  t h e  c e l l u l a r  c y c l e  
f o r  t h e  e p i t h e l i u m  o f  t h e  c r y p t s  i s  a p p r o x i m a t e l y  e q u a l  t o  8 h o u r s .  
The i r r a d i a t i o n  c a u s e s  a s u p p r e s s i o n  o f  t h e  m i t o t i c  a c t i v i t y  a n d  a 
c o r r e s p o n d i n g  i n c r e a s e  i n  t h e  d u r a t i o n  o f  t h e  c e l l u l a r  c y c l e .  The 
a v e r a g e  v a l u e  o f  t h e  m i t o t i c  i n d e x  for t h e  f i r s t  24 h o u r s  a f t e r  t h e  
i r r a d i a t i o n  i s  e q u a l  t o  11.4-iO-3, w h i c h  c o r r e s p o n d s  t o  a d u r a t i o n  
for t h e  m i t o t i c  c y c l e  o f  26.2 h o u r s .  T h u s ,  t h e  c e l l s  u n d e r g o  t h e  
f i r s t  m i t o s i s  a f t e r  i r r a d i a t i o n  d u r i n g  t h i s  p e r i o d ,  w h i l e  t h e  c h a n g e s  
i n  t h e  r e l a t i v e  p e r c e n t a g e  o f  chromosome a b e r r a t i o n s  r e f l e c t  t h e  
d i f f e r e n c e s  i n  t h e  r a d i a t i o n  s e n s i t i v i t y  f o r  t h e  s e q u e n t i a l  s t a g e s  
o f  t h e  m i t o t i c  c y c l e .  We c a n  s e e  f r o m  t h e  d a t a  i n  t h e  t a b l e  t h a t  
0.896 o f  t h e  t o t a l  number  o f  c e l l s  w h i c h  a r e  a t  t h e  l a t e r  s t a g e s  o f  
t h e  m i t o t i c  c y c l e  d u r i n g  ( a n d  a r e  t h e r e f o r e  t h e  f i r s t  t o  u n d e r g o  
m i t o s i s )  h a v e  damage i n  t h e  g e n e t i c  s t r u c t u r e s .  O f  t h e  c e l l s  w h i c h  
w e r e  a t  e a r l i e r  s t a g e s  o f  t h e  m i t o t i c  c y c l e  d u r i n g  i r r a d i a t i o n ,  
o n l y  0.646 were  damaged .  The r e l a t i v e  p e r c e n t a g e  o f  c e l l s  w i t h  
chromosome a b e r r a t i o n s ,  a v e r a g e d  o v e r  t h e  m i t o t i c  c y c l e ,  w a s  e q u a l  
t o  0.771. 

D u r i n g  t h e  p e r i o d  b e t w e e n  t h e  1 s t  a n d  3 r d  d a y s ,  when t h e  c e l l s  
p a s s  f r o m  t h e  2nd t o  t h e  6 t h  m i t o t i c  c y c l e  a f t e r  i r r a d i a t i o n ,  t h e  
r e l a t i v e  p e r c e n t a g e  o f  a b e r r a n t  m i t o s e s  d e c r e a s e s  t o  0.282. T h u s ,  
.~0'771 - o'282 1 0 0  = 63% o f  t h e  a b e r r a n t  c e l l s  d o  n o t  d i v i d e  more

0.771 
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t h a n  6 t i m e s .  F o r  i r r a d i a t i o n  b y  a d o s e  o f  2 0 0  r a d ,  a f t e r  a n  e q u a l  

number  o f  d i v i s i o n s ,  l e s s  t h a n  1 9 %  of t h e  a b e r r a n t  c e l l s  a r e  d e - / 4 2 9  

s t r o y e d  d u r i n g  r e p r o d u c t i o n .  I t  f o l l o w s  f r o m  t h i s  t h a t  w i t h  a n  

i n c r e a s e  i n  t h e  i r r a d i a t i o n  d o s e  b o t h  t h e  number  o f  i n j u r e d  c e l l s  

a n d  t h e  d e g r e e  o f  i n j u r y  t o  t h e i r  g e n e t i c  s t r u c t u r e s  i n c r e a s e .  


A s  we c a n  e a s i l y  e s t a b l i s h  b y  e v a l u a t i n g  t h e  a v e r a g e  v a l u e  f o r  
t h e  m i t o t i c  i n d e x ,  d u r i n g  t h e  f i r s t  ' d a y  a f t e r  i r r a d i a t i o n  by  a 
d o s e  o f  1 1 0 0  r a d ,  o n l y  some o f  t h e  e p i t h e l i a l  c e l l s  i n  t h e  c r y p t s  
c a n  u n d e r g o  f i r s t  m i t o s i s .  I n  t h i s  c a s e ,  a l l  t h e  m i t o s e s  o b s e r v e d  
w i t h i n  6 h o u r s  a f t e r  t h e  e f f e c t  w e r e  a b e r r a n t .  By t h e  e n d  o f  t h e  
f i r s t  d a y ,  t h e  r e l a t i v e  p e r c e n t a g e  o f  chromosome a b e r r a t i o n s  d e 
c r e a s e d  t o  0 . 8 1 7 ,  The v a l u e  for t h e  r e l a t i v e  p e r c e n t a g e  o f  a b e r r a n t  
c e l l s  a v e r a g e d  o v e r  t h e  p a r t  o f  t h e  m i t o t i c  c y c l e  b e i n g  e x a m i n e d  
w a s  e q u a l  t o  0 . 9 0 8 .  H a v i n g  compared  t h e  l e v e l s  o f  chromosome 
a b e r r a t i o n s  i n  t h e  f i r s t  m i t o s i s  f o r  t h e  e p i t h e l i a l  c e l l s  o f  t h e  
duodenum a f t e r  i r r a d i a t i o n  by  d o s e s  o f  2 0 0 ,  7 0 0 ,  a n d  1 1 0 0  r a d ,  w e  
c a n  e a s i l y  e s t a b l i s h  t h a t  t h e  d o s e - d e p e n d e n c e  f o r  t h e  g e n e t i c  e f f e c t  
o f  t h e  p r o t o n s  w i t h  a n  e n e r g y  o f  630  M e V  i s  e x p o n e n t i a l  i n  t h e  d o s e  
r a n g e ' b e i n g  e x a m i n e d .  The a v e r a g e  e f f e c t i v e  d o s e  w a s  e q u a l  t o  4 8 0  
r a d .  

L e t  u s  e x a m i n e  f u r t h e r  t h e  r e s u l t s  o f  m e a s u r i n g  t h e  number  o f  
c e l l s  a l o n g  t h e  m i d l i n e  o f  a c r y p t .  From t h e  d a t a  shown i n  t h e  
t a b l e ,  w e  c a n  s e e  t h a t ,  w i t h i n  o n e  d a y  a f t e r  i r r a d i a t i o n  by  a d o s e  
o f  2 0 0  r a d ,  t h e r e  i s  a d e c r e a s e  i n  t h i s  c h a r a c t e r i s t i c ,  r o u g h l y  b y  
1 2 % .  By t h e  3 r d  d a y ,  t h e  number  o f  c e l l s  i n  t h e  c r y p t  h a s  r e c o v e r e d  
a n d  r e m a i n s  n o r m a l  up  t o  t h e  e n d  o f  t h e  s t u d y .  For i r r a d i a t i o n  by  
a d o s e  o f  700  r a d ,  t h e  r a d i a t i o n  e f f e c t  i s  much more  p r o n o u n c e d .  
W i t h i n  6 h o u r s  a f t e r  t h e  e f f e c t ,  t h e  number  o f  c e l l s  i n  a c r y p t  
d e c r e a s e s  by  1 7 ;  w i t h i n  24 h o u r s ,  it d e c r e a s e s  by  3 5 % .  However ,  
t h e r e  i s  a r e c o v e r y  o f  t h i s  c h a r a c t e r i s t i c  d u r i n g  t h e  f o l l o w i n g  
p e r i o d s ,  w h i c h  i s  c o m p l e t e d  b y  t h e  e n d  o f  t h e  3 r d  d a y ,  D u r i n g  t h e  
p e r i o d  b e t w e e n  t h e  3 r d  a n d  6 t h  d a y s  a f t e r  t h e  i r r a d i a t i o n ,  t h e  
number  o f  c e l l s  i n  a c r y p t  p e m a i n s  n o r m a l .  Wi th  a n  i n c r e a s e  i n  t h e  
d o s e  o f  i r r a d i a t i o n  t o  1 1 0 0  r a d ,  t h e  d e g r e e  o f  i n j u r y  t o  t h e  e p i t h e 
l i a l  c e l l s  o f  t h e  c r y p t s  i n c r e a s e s  e v e n  m o r e .  The number  o f  c e l l s  
a l o n g  t h e  m i d l i n e s  o f  t h e  c r y p t s  d e c r e a s e s  by  1 6 %  w i t h i n  6 h o u r s  
a f t e r  t h e  i r r a d i a t i o n ,  a n d  by 45% w i t h i n  24  h o u r s .  

Among t h e  f a c t o r s  w h i c h  c a n  c a u s e  a d e c r e a s e  i n  t h e  number  o f  
c e l l s  i n  t h e  e p i t h e l i u m  of  t h e  c r y p t s  i n  t h e  duodenum o f  i r r a d i a t e d  
a n i m a l s ,  t h e  m o s t  i m p o r t a n t ,  i n  o u r  o p i n i o n ,  a r e  t h e  d e c r e a s e  i n  
t h e  r a t e  o f  f o r m a t i o n  o f  new c e l l s  b e c a u s e  o f  t h e  s u p p r e s s i o n  o f  
t h e  m i t o t i c  a c t i v i t y ,  a n d  t h e  d e s t r u c t i v e  p r o c e s s e s  o c c u r r i n g  i n  
t h e  c e l l s  w i t h  r a d i a t i o n  damage .  On t h e  b a s i s  o f  t h e  r e s u l t s  f r o m  
a s t u d y  o f  t h e  p h y s i o l o g i c a l  r e g e n e r a t i o n  o f  t h e  i n t e s t i n a l  e p i t h e 
l i u m  i n  n o r m a l  m i c e ,  w e  c a n  e x c l u d e  t h e  f i r s t  p o s s i b i l i t y .  A s  w e  
n o t e d  e a r l i e r ,  t h e  a v e r a g e  l i f e t i m e  f o r  t h e  c e l l s  i n  t h e  e p i t h e l i u m  
o f  t h e  duodenum i n  a mouse i s  e q u a l  t o  36 h o u r s :  t h e  c e l l  i s  i n  a 
c r y p t  f o r  a b o u t  8 h o u r s ,  a n d  i n  a v i l l u s  f o r  28  h o u r s .  From t h i s ,  
w e  c a n  e x p e c t  t h a t ,  i n  t h e  ca se  o f  a c o m p l e t e  s u p p r e s s i o n  o f  t h e  
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m i t o t i c  a c t i v i t y ,  when t h e  c e l l s  o f  a c r y p t  a r e  n o t  d i s p l a c e d  t o  a /430 

v i l l u s ,  t h e y  w i l l  b e g i n  t o  d i e  o f f  n a t u r a l l y  b e c a u s e  o f  a g e  n o  e a r  

l i e r  t h a n  28 h o u r s  a f t e r  t h e  m i t o t i c  a c t i v i t y  w a s  b l o c k e d .  I n  

a d d i t i o n  t o  t h i s ,  e v e n  f o r  a c o m p l e t e  s u p p r e s s i o n  o f  t h e  m i t o t i c  

a c t i v i t y ,  t h e  number  o f  c e l l s  a l o n g  t h e  m i d l i n e s  o f  t h e  c r y p t s  i n  

t h e  duodenum o f  t h e  mice  w h i c h  were i r r a d i a t e d  b y  d o s e s  o f  7 0 0  a n d  

1 1 0 0  r a d  i s  d e c r e a s e d  e v e n  w i t h i n  6 h o u r s  a f t e r  t h e  r a d i a t i o n  e f  

f e c t .  T h i s  shows  t h e  e x i s t e n c e  o f  t h e  i n t e n s e  p r o c e s s  o f  r a d i a t i o n  

d e s t r u c t i o n  o f  t h e  c e l l s .  


The number  o f  c e l l s  a l o n g  t h e  m i d l i n e  o f  a v i l l u s  w a s  d e c r e a s e d  
f o r  6 d a y s  a f t e r  i r r a d i a t i o n  by  a d o s e  o f  200 r a d .  However ,  t h i s  
d e c r e a s e  w a s  s m a l l ,  a n d  i t  r e a c h e d  a maximum a t  o n l y  a b o u t  7 %  o f  
t h e  o r i g i n a l  number  o f  c e l l s .  On t h e  9 t h  d a y ,  t h e r e  w a s  n o  s t a t i s 
t i c a l l y  r e l i a b l e  d i v e r g e n c e  o b s e r v e d  f o r  t h i s  c h a r a c t e r i s t i c  f r o m  
t h e  n o r m a l  v a l u e .  We o b s e r v e d  a d e c r e a s e  i n  t h e  number  o f  c e l l s  i n  
t h e  v i l l u s ,  w h i c h  w a s  s i m i l a r  i n  v a l u e  f o r  t h e  f i r s t  d a y  a f t e r  i r 
r a d i a t i o n  by  a d o s e  o f  7 0 0  r a d .  The number o f  c e l l s  a l o n g  t h e  mid
l i n e  o f  a v i l l u s  t h e n  d r o p p e d  s h a r p l y  a n d  r e a c h e d  26% o f  t h e  o r i g i n a l  
v a l u e  by  t h e  3 r d  d a y .  D u r i n g  t h e  f o l l o w i n g  p e r i o d ,  t h i s  c h a r a c t e r 
i s t i c  was g r a d u a l l y  r e s t o r e d ,  and  i t  w a s  o n l y  1 8 %  l o w e r  t h a n  t h e  
norm on  t h e  6 t h  d a y  a f t e r  t h e  i r r a d i a t i o n .  I t  i s  i n t e r e s t i n g  t o  
n o t e  t h a t  t h e  minimum number  o f  c e l l s  i n  a v i l l u s  i s  o b s e r v e d  when 
t h e  number  o f  c e l l s  i n  a c r y p t  h a s  a l r e a d y  n o r m a l i z e d .  D u r i n g  t h e  
f i r s t  d a y  a f t e r  i r r a d i a t i o n  by  a d o s e  of  1 1 0 0  r a d ,  t h e r e  i s  a l s o  a 
v e r y  r a p i d  d e c r e a s e  i n  t h e  number o f  c e l l s  i n  t h e  v i l l i .  W h i l e  t h e  
number  o f  c e l l s  a l o n g  t h e  m i d l i n e  of a c r y p t  d e c r e a s e s  a l m o s t  b y  a 
f a c t o r  o f  2 ,  a s i m i l a r  c h a r a c t e r i s t i c  f o r  t h e  v i l l u s  i s  d e c r e a s e d  
o n l y  by 1 0 % .  

I n  o r d e r  t o  c l a r i f y  t h e  c a u s e s  f o r  t h e  l e v e l i n g - o u t  o f  t h e  
v i l l i  a f t e r  i r r a d i a t i n g  t h e  a n i m a l s  w i t h  d o s e s  w h i c h  w e r e  c l o s e  t o  
l e t h a l ,  i t  i s  u s e f u l  t o  e x a m i n e  i n  g r e a t e r  d e t a i l  t h e  scheme f o r  
r e g e n e r a t i o n  o f  t h e  i n t e s t i n a l  e p i t h e l i u .  A s  w e  m e n t i o n e d  e a r l i e r ,  
t h e  e n t i r e t y  o f  t h e  v i l l i  i s  m a i n t a i n e d  b e c a u s e  o f  t h e  c e l l s  coming  
f r o m  t h e  c r y p t s .  The r e a s o n  f o r  t h i s  i s  t h e  d i s p l a c e m e n t  o f  t h e  
c e l l s  i n  t h e  c r y p t s  t o  t h e  v i l l i ,  c a u s e d  by c e l l u l a r  r e p r o d u c t i o n .  
I n  n o r m a l  c r y p t s ,  t h e  i n t e n s i t y  f o r  m i g r a t i o n  o f  t h e  c e l l s  i s  p r o 
p o r t i o n a l  t o  t h e  m i t o t i c  i n d e x  f o r  t h e  e p i t h e l i u m  o f  t h e  c r y p t .  If 
t h e  number  o f  c e l l s  i n  a c r y p t  i s  l e s s  t h a n  t h e  n o r m ,  t h e n  t h e  
d i s p l a c e m e n t  o f  t h e  c e l l s  t o  t h e  v i l l u s  d o e s  n o t  o c c u r  b e f o r e  i t s  
n o r m a l i z a t i o n .  

On t h e  b a s i s  o f  w h a t  w e  h a v e  s a i d ,  w e  c a n  e x p e c t  t h a t  on  t h e  
f i r s t  d a y  a f t e r  i r r a d i a t i o n  by  a d o s e  of  7 0 0  r a d ,  t h e  m i g r a t i o n  o f  
t h e  c e l l s  f r o m  a c r y p t  t o  a v i l l u s  i s  p r a c t i c a l l y  a b s e n t .  N e v e r 
t h e l e s s ,  t h e  number  o f  c e l l s  a l o n g  t h e  m i d l i n e  o f  a v i l l u s  d i m i n i s h e s  
d u r i n g  t h i s  p e r i o d  r o u g h l y  b y  1 0 % .  If t h e  d i s p l a c e m e n t  o f  v i t a l  
c e l l s  f r o m  t h e  v i l l i  o f  t h e  i n t e s t i n a l  e p i t h e l i u m  i n  n o r m a l  mice  
were a b s e n t ,  a n d  t h e  n a t u r a l  l i f e s p a n  o f  a c e l l  i n  a v i l l u s  were 
e q u a l  t o  t h e  t i m e  f o r  i t s  r e c o v e r y  i n  t h e  p r o c e s s  o f  p h y s i o l o g i c a l  
r e g e n e r a t i o n ,  i . e .  28  h o u r s ,  t h e n  e v e n  when t h e r e  i s  n o  r a d i a t i o n  
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destruction of the cells, the decrease in the number of cells in 

the villus would be much more intense during this period. It follows 

from this that in the intestinal epithelium, as well as in the 

epithelium of the cornea, the displacement of vital cells stabilizes 

the tissue in relation to various external effects. The potential 

lifespan for the cell exceeds the real duration of its existence, 

obviously, by more than one day but less than 3 days, since the 

number of cells along the midlines of the villi has decreased 

considerably by the 3rd day after irradiation. Thus, in order to 

explain the leveling-vut of the villi after the animals were irrad

iated in doses which were close to lethal, we do not need to postu

late the existence of radiation destruction of the cells in a villus, 

although this possibility is definitely not excluded. In our opinion 

the principal cause for the leveling-out of the villi in this case 

is the temporary cessation of the migration of the cells from the 

crypts to the villi. 


DISCUSSION 


Having compared the materials of this study with the results 

of studying the radiation injury to the epithelium of the cornea, 

we can shed some light on certain reasons for the high radiation-

sensitivity of the intestinal epithelium. In these studies, we 

analyzed the blocking and recovery of the mitotic activity, the 

appearance and dynamics of chromosome aberrations, and the destruc

tion of the cells in the irradiated tissues. 


On the basis of determining the high radiation-sensitivity of 

the intestinal epithelium, we find that fori irradiation of equal 

doses, the number of cells along the midlines of the crypts and 

villi decreases much more than the number of cells in radiation-

resistant tissues such as the epithelium of the cornea. The reason 

for this, as we showed before, is the intense radiation-produced 

destruction of the cells in the crypts and the related temporary 

cessation of the migration of the cells from the crypts to the vil

li. However, the nature of the destructive process occurring in 

the cells of the crypts and the causes for the much greater (in 

comparison with the epithelium of the cornea) devastation of the 

villi are still rather unclear. 


Judging by the data in the literature C l O ,  141, the irradiation 

in the range of doses being examined causes a complete suppression 

of the mitotic activity of the epithelium in the duodenum and in 

the cornea. However, the restoration of this characteristic after 

irradiation in equal doses occurs much more actively in the intes

tine than in the cornea. We should expect this, since the total 

rate for the recovery of mitotic activity combines the rate of 

intracellular recovery and the rate of replacement of injured cells 

by normal ones appearing as a result of multiplication by uninjured 

and recovered cells [71. The latter component, which obviously 


/432 


/431( 


increases with an increase in the mitotic activity of uninjured 

cells, is much greater in the case of the intestinal epithelium. 
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I t  f o l l o w s  f r o m  t h i s  t h a t  t h e  m i t o t i c  a c t i v i t y  o f  t h e  e p i t h e l i u m  i n  
t h e  c r y p t s  o f  t h e  duodenum,  g e n e r a l l y  s p e a k i n g ,  i s  more r a d i a t i o n -
r e s i s t a n t  t h a n  t h e  m i t o t i c  a c t i v i t y  o f  t h e  e p i t h e l i u m  i n  t h e  c o r n e a .  

H a v i n g  c o m p a r e d  t h e  l e v e l s  of chromosome a b e r r a t i o n  i n  t h e  
f i r s t  m i t o s i s  o f  t h e  c e l l s  f o r  t h e  e p i t h e l i u m  o f  t h e  c o r n e a  a n d  t h e  
i n t e s t i n e ,  w e  c a n  e a s i l y  b e  c o n v i n c e d  t h a t  t h e  g e n e t i c  s t r u c t u r e s  
o f  t h e s e  two  t y p e s  o f  c e l l s  h a v e  a s i m i l a r  r a d i a t i o n  s e n s i t i v i t y .  
The a v e r a g e  e f f e c t i v e  d o s e  for t h e  g e n e t i c  e f f e c t  o f  i r r a d i a t i n g  
t h e  e p i t h e l i u m  i n  t h e  c o r n e a  by  p r o t o n s  w i t h  a n  e n e r g y  o f  6 3 0  M e V  
i s  e q u a l  t o  5 4 0  r a d ,  w h i l e  i t  i s  4 8 0  r a d  f o r  t h e  e p i t h e l i u m  o f  t h e  
i n t e s t i n e .  However ,  a n  i n j u r y  t o  t h e  g e n e t i c  s t r u c t u r e  a f f e c t s  t h e  
r e p r o d u c t i v e  c a p a c i t y  o f  t h e  c e l l s  i n  t h e s e  t i S s u e s  t o  v a r y i n g  d e 
g r e e s .  For e x a m p l e ,  t h e  a b e r r a n t  c e l l s  o f  t h e  e p i t h e l i u m  i n  t h e  
c o r n e a  w h i c h  a r e  f o r m e d  a f t e r  i r r a d i a t i o n  by  a d o s e  o f  2 0 0  r a d  d i 
v i d e  r o u g h l y  t w i c e  or l e s s ,  a n d  t h e  r e p r o d u c t i v e  d i s i n t e g r a t i o n  o f  
t h e  c e l l s ,  o b v i o u s l y ,  i s  o f t e n  a c c o m p a n i e d  by c e l l u l a r  d e s t r u c t i o n .  
A t  t h e  same t i m e ,  a b o u t  6 0 %  o f  t h e  a b e r r a n t  c e l l s  f o r m e d  a f t e r  
i r r a d i a t i o n  by  a d o s e  o f  2 0 0  r a d . i n  t h e  e p i t h e l i u m  o f  t h e  c r y p t s  i n  
t h e  duodenum d i v i d e  more  t h a n  2 5  t i m e s .  T h i s  f a c t  o f  t h e  p r o l o n g e d  
p r e s e r v a t i o n  a n d  m u l t i p l a c t i o n  o f  t h e  a b e r r a n t  c e l l s  i n  t h e  e p i t h e 
l i u m  o f  t h e  c r y p t s  i s  o f  s u b s t a n t i a l  i n t e r e s t  i n  t h e  l i g h t  o f  t h e  
p o s s i b l e  r e m o t e  a f t e r e f f e c t s  o f  t h e  r a d i a t i o n  e f f e c t .  H e n c e ,  w e  
c a n  a l s o  e x p e c t  t h a t  f o r  i r r a d i a t i o n  i n  e q u a l  d o s e s ,  t h e  r a t e  a t  
w h i c h  t h e  c e l l s  d i e  o f f  b e c a u s e  o f  a d i s o r d e r  o f  t h e  g e n e t i c  b a l a n c e  
o c c u r r i n g  d u r i n g  t h e  p r o c e s s  o f  a b e r r a n t  m i t o s i s  i n  t h e  e p i t h e l i a l  
c e l l s  o f  t h e  i n t e s t i n e  w i l l  be  l e s s  t h a n  i n  t h e  c e l l s  o f  t h e  e p i t h e 
l i u m  i n  t h e  c o r n e a .  

T h u s ,  t h e  more i n t e n s e  ( b y  c o m p a r i s o n  w i t h  t h e  e p i t h e l i u m  o f  
t h e  c o r n e a )  d e v a s t a t i o n  o f  t h e  c r y p t s  a n d  v i l l i  i n  t h e  i n t e s t i n a l  
e p i t h e l i u m  c a n n o t  b e  e x p l a i n e d  by t h e  s u p p r e s s i o n  o f  t h e  m i t o t i c  
a c t i v i t y  or t h e  d e c o m p o s i t i o n  o f  t h e  c e l l s  r e l a t e d  t o  g e n e t i c  
c a u s e s .  

The r e a s o n  f o r  t h e  h i g h  r a d i a t i o n  s e n s i t i v i t y  o f  t h e  e p i t h e l i u m  
i n  t h e  c r y p t s ,  i n  o u r  o p i n i o n ,  i s  t h e  i n c r e a s e d  i n t e n s i t y  o f  t h e  
s o - c a l l e d  i n t e r p h a s a l  d e s t r u c t i o n  o f  t h e  c e l l s  c a u s e d  by i n j u r y  t o  
o t h e r  t h a n  g e n e t i c  i n t r a c e l l u l a r  s t r u c t u r e s .  The d e c r e a s e d  r e s i s 
t a n c e  o f  t h e  e p i t h e l i u m  i n  t h e  v i l l i  i n  r e l a t i o n  t o  a r a d i a t i o n  
e f f e c t  c a n  b e  r e l a t e d  t o  t h e  l e s s e r  ( i n  c o m p a r i s o n  w i t h  t h e  e p i t h e 
l i u m  o f  t h e  c o r n e a )  d e g r e e  by w h i c h  t h e  p o t e n t i a l  l i f e t i m e  o f  a c e l l  
e x c e e d s  t h e  a c t u a l  t i m e  o f  i t s  e x i s t e n c e .  T h i s  v a l u e  d e t e r m i n e s  
t h e  t i m e  f o r  m a i n t a i n i n g  t h e  e n t i r e t y  o f  t h e  t i s s u e  when no  c e l l s  
come f r o m  t h e  p r o l i f e r a t i v e  p o o l .  For t h e  c e l l s  o f  t h e  i n t e s t i n a l  
e p i t h e l i u ,  i t s  v a l u e  ( a s  we h a v e  shown a b o v e )  i s  b e t w e e n  one  a n a  
t h r e e  d a y s ,  w h i l e  i t  e x c e e d s  4 . 6  d a y s  f o r  t h e  c e l l s  i n  t h e  e p i t h e 
l i u m  o f  t h e  c o r n e a  C 7 1 .  

4 7 1  



1. 

2 .  

3 .  

4 .  

5 .  
6 .  

7 .  

8 .  

9 .  
1 0 .  

11. 

1 2 .  

1 3 .  
1 4 .  

4 7 2  

REFERENCES / 4 3 3  

G o l o l o b o v a ,  M . T . :  B y u l l .  E k s p .  B i o l .  i Med. ,  V o l .  9 ,  p p .  1 1 8 
1 2 2 ,  1 9 5 8 .  

G o l o l o b o v a ,  M . T . :  B y u l l .  E k s p .  B i o l .  i Med. ,  V o l .  3 ,  p p .  94
9 7 ,  1 9 5 9 .  

K r a s i l ' n i k o v a ,  N . V . :  D o k l a d y  Akad.  Nauk S . S . S . R . ,  V o l .  1 4 2 ,  
N O .  5 ,  p p .  1 1 6 5 - 1 1 6 7 ,  1 9 6 2 .  

R a y e v s k i y ,  B . :  Dozy r a d i o a k t i v n y k h  i z l u c h e n i y  i i k h  d e y s t v i y e  
n a  o r g a n i z m  ( D o s e s  o f  R a d i o a c t i v e  R a d i a t i o n  a n d  t h e i r  E f f e c t  
on  a n  O r g a n i s m ) .  M O S C O W ,  1 9 5 9 .  

S m i r n o v a ,  I . B . :  R a d i o b i o l o g i y a ,  V o l .  1, No. 2 ,  p .  2 6 4 ,  1 9 6 1 .  
S t r z h i z h o v s k i y ,  A . D . :  V e s t n i k  Akad.  Med. Nauk S . S . S . R . ,  V o l .  

7 ,  p .  6 6 ,  1 9 6 5 .  
S t r z h i z h o v s k i y ,  A . D . :  0 k i n e t i k e  r a d i a t s i o n n o g o  p o r a z h e n i y a  

k l e t o c h n y k h  p o p u l y a t s i y .  Kand.  d i s s .  ( T h e  K i n e t i c s  o f  a 
R a d i a t i o n  I n j u r y  t o  t h e  C e l l u l a r  P o p u l a t i o n  C a n d i d a t e  D i s 
s e r t a t i o n ) .  1 9 6 4 .  

C h a l i s o v ,  I . A . ,  a n d  L . B .  B e r l i n :  D o k l a d y  Akad.  Nauk S . S . S . R .  
V o l .  1 5 1 ,  N o .  6 ,  p .  1 4 5 0 ,  1 9 6 3 .  

Chumak, M . K . :  R a d i o b i o l o g i y a ,  V o l .  3 ,  No. 6 ,  p .  8 6 6 ,  1 9 6 3 .  
K n o w l t o n ,  N . P . ,  a n d  L . H .  Hempelmann: J. C e l l .  P h y s i o l . ,  V o l .  

3 3 ,  N O .  1, p p .  7 3 - 9 1 ,  1 9 4 9 .  
L e b l o n d ,  C . P . ,  a n d  C . E .  S t e v e n s :  A n a t .  R e c o r d ,  Vol. 1 0 0 ,  No. 

3 ,  p .  3 5 7 ,  1 9 4 8 .  
L e s h e r ,  S . ,  R . J . M .  F r y ,  a n d  N . J .  Kohn: Exp.  C e l l  R e s e a r c h ,  

Vol. 2 4 ,  No. 2 ,  p .  3 3 4 ,  1 9 6 1 .  
Q u a s t l e r ,  H . :  R a d i a t i o n  R e s e a r c h ,  V o l .  4 ,  N o .  3 ,  p .  3 0 3 ,  1 9 5 6 .  
W i l l i a m s ,  R . ,  J .  T o a l ,  J .  W h i t e ,  a n d  H .  C a r p e n t e r :  J .  N a t l .  

C a n c e r  I n s t . ,  V o l .  2 1 ,  No. 1, p .  1 7 ,  1 9 5 8 .  



EVALUATION OF THE PERMISSIBLE DOSES FOR EXPOSURE TO IONIZIMG 

RADIATION ACCORDING TO THE CRITERIOfil OF TOLERANCE TO 


EXTREME ACCELERATI OfJS 

B.I. D a v y d o v ,  V . V .  A n t i p o v ,  a n d  P.P. S a k s o n o v  

A B S T R A C T :  The d o s e s  of i r r a d i a t i o n  f o r  which  
t h e  to l leranee  of t h e  i r r a d i a t e d  animaZs t o  
a o c e Z e r a t i o n  was equaZ t o  t h e  controZ were o b - t a i  
t a i n e d  by c a Z c u Z a t i o n s .  The d o s e s  of i r r a d i a t i o n  
t h u s  o b t a i n e d  were r e Z a t e d  t o  t h e  p o s t - r a d i a t i o n
p e r i o d  by t h e  hyperboZ ic  f u n c t i o n ,  

D t  = 5 * 1 0 3 ,  

where D i s  t h e  dose  of i r r a d i a t i o n  i n  rem; t 
i s  t h e  t i m e  a f t e r  t h e  i r r a d i a t i o n  i n  d a y s .  

For c e n t r i f u g i n g  r e p e a t e d  t w i c e ,  t h i s  r e -
Z a t i o n s h i p  couZd be approximated  by an exponen t iaZ
f u n c t i o n  and r e p r e s e n t e d  by t h e  foZZowing r e g r e s 
s i o n  e q u a t i o n :  

l o g  D = 2 . 9 9 3 - 0 . 0 6 5  l o g  e - t (t >> 5 ) .  

The u n u s u a l  c o n d i t i o n s  o f  a s p a c e  f l i g h t  ( d y n a m i c  f a c t o r s ,  /433, 
w e i g h t l e s s n e s s ,  t h e  a l t e r e d  g a s e o u s  c o m p o s i t i o n  o f  t h e  medium i n  
t h e  c a b i n  o f  a s p a c e c r a f t ,  e t c . )  p r o d u c e  d e f i n i t e  d i f f i c u l t i e s  f o r  
e v a l u a t i n g  t h e  t o l e r a b l e  d o s e s  o f  i r r a d i a t i o n .  I n  e v a l u a t i n g  t h e  
maximum p e r m i s s i b l e  d o s e s  f o r  p i l o t s  a n d  a s t r o n a u t s ,  we must  f i r s t  
d e t e r m i n e  a n  i r r a d i a t e d  o r g a n i s m ' s  t o l e r a n c e  t o  v a r i o u s  e x t r e m e  
e f f e c t s  a n d  t o  t h e  c a r r y i n g  o u t  o f  work d u r i n g  t h e  s p a c e  f l i g h t .  

I 
We c a n  c o n s i d e r  t h a t  t h e  r e a c t i v i t y  o f  a n  i r r a d i a t e d  o r g a n i s m  

t o  t h e  f a c t o r s  o f  a s p a c e  f l i g h t  i s  o t h e r  t h a n  t h a t  i n  r e s p o n s e  t o  
t h e  u s u a l  e f f e c t s  o f  t h e  e n v i r o n m e n t .  T h e r e  i s  a n  i n s u f f i c i e n t  
number o f  s t u d i e s  on  t h i s  p r o b l e m  i n  t h e  l i t e r a t u r e .  N e v e r t h e l e s s ,  
t h i s  p r o b l e m  h a s  i m p o r t a n t  t h e o r e t i c a l  a n d  p r a c t i c a l  s i g n i f i c a n c e .  

One o f  t h e  i m p o r t a n t  f a c t o r s  o f  a n  a i r c r a f t  or s p a c e  f l i g h t  
i s  a c c e l e r a t i o n  [15]. We showed e a r l i e r  [SI t h a t ,  f o r  t h e  f i r s t  6 
d a y s  a f t e r  t h e  e f f e c t  o f  i o n i z i n g  r a d i a t i o n ,  a n i m a l s  r e a c t  t o  ac
c e l e r a t i o n s  i n  a n  u n u s u a l  way ( a c c o r d i n g  t o  t h e  t e s t  o f  t h e  s u r v i v a l  

/434r a t e ) :  t h e i r  t o l e r a n c e  t o  t h i s  e x t r e m e  f l i g h t  f a c t o r  i n c r e a s e s .  _-
We f o u n d  a r e l a t i o n s h i p  b e t w e e n  t h e  maximum r a d i a t i o n  d o s e  a t  w h i c h  
t h e  e f f e c t  of  a n  a c c e l e r a t i o n  o n  i r r a d i a t e d  a n i m a l s  w a s  e q u a l  t o  
t h e  e f f e c t  on i n t a c t  o n e s ,  a n d  t h e  t i m e  b e t w e e n  t h e  i r r a d i a t i o n  a n d  
t h e  e f f e c t  o f  a c c e l e r a t i o n  [lo]. 
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I n  t h i s  a r t i c l e ,  w e  p r o v i d e  a n  e x p e r i m e n t a l  c o n f i r m a t i o n  of 
t h e  e x t r a p o l a t e d  s e g m e n t  o f  t h e  c u r v e  f o r  t h e  t o l e r a n c e  t o  a c c e l 
e r a t i o n s ,  f o r  v a r i o u s  d o s e s  o f  r a d i a t i o n  d u r i n g  v a r i o u s  p e r i o d s  
a f t e r  t h e  e f f e c t  o f  i o n i z i n g  r a d i a t i o n .  M o r e o v e r ,  w e  h a v e  a t t e m p t e d  
t o  e v a l u a t e  t h e  r o l e  of t h e  r e c o v e r y  p r o c e s s e s  i n  a n  i r r a d i a t e d  
o r g a n i s m  i n  i t s  r e a c t i o n  t o  a c c e l e r a t i o n s  w h i c h  a re  c r i t i c a l  i n  
v a l u e .  

We a r e  p r e s e n t i n g  c e r t a i n  c o n c e p t s  w h i c h  show t h e  p o s s i b i l i t y  
for e x t r a p o l a t i v g  t h e  e x p e r i m e n t a l  d a t a  for a human b e i n g ,  a n d  for 
o b t a i n i n g  t h e  o r i e n t e d  d a t a  on t h e  p e r m i s s i b l e  d o s e s  o f  i r r a d i a t i o n  
e v a l u a t e d  a c c o r d i n g  t o  t h e  c r i t e r i o n  o f  t o l e r a n c e  t o  a c c e l e r a t i o n .  

METHODS 

The e x p e r i m e n t s  w e r e  p e r f o r m e d  on  1 2 0 0  w h i t e  m i c e  ( m a l e s  o f  no  
p a r t i c u l a r  s t r a i n )  a n d  on 1 2 0  m i c e  o f  t h e  CC57br a n d  C B A  s t r a i n s  
a n d  h y b r i d s  o f  t h e  f i r s t  g e n e r a t i o n  o f  C57bl"CBA. The d e a t h  o f  t h e  
a n i m a l s  w a s  t h e  t e s t  w h i c h  d e t e r m i n e d  t h e  r e a c t i v i t y  o f  t h e  a n i m a l s  
( a f t e r  t h e  e f f e c t  o f  i o n i z i n g  r a d i a t i o n )  t o  a c c e l e r a t i o n s .  

The mice w e r e  i r r a d i a t e d  w i t h  t h e  R U M - 1 1  a p p a r a t u s  u n d e r  t h e  
f o l l o w i n g  c o n d i t i o n s :  A 1  = 1 m m ,  Cu = 0 . 5  m m ,  1 8 0  k V ,  1 0  m a .  Some 
o f  t h e  a n i m a l s  w e r e  s u b j e c t e d  t o  y - i r r a d i a t i o n  f r o m  C o 6 0 .  The d o s e  
r a t e  was 1 5 - 1 8  r / m i n .  The d o s e s  f o r  i r r a d i a t i o n  o f  t h e  a n i m a l s  
w e r e  t h e  f o l l o w i n g :  1 0 0 ,  2 0 0 ,  2 5 0 ,  3 0 0 ,  3 5 0 ,  5 0 0 ,  7 0 0 ,  8 5 0 ,  9 0 0 ,  
2 0 0 0 ,  a n d  4 0 0 0  r e m . '  From t h e  f i r s t  t o  t h e  f o r t y - f i f t h  d a y s  a f t e r  
i r r a d i a t i o n ,  t h e  a n i m a l s  w e r e  s u b j e c t e d  t o  t h e  e f f e c t  o f  a n  a c c e l e r 
a t i o n  o f  44 g f o r  3 min i n  t h e  " b a c k - c h e s t "  d i r e c t i o n ,  w i t h  a l i f t  
a n d  d r o p  l a s t i n g  30-50  s e c .  I n  o n e  s e r i e s ,  t h e  a n i m a l s  w e r e  p l a c e d  
i n  a c e n t r i f u g e  w i t h  a r a d i u s  o f  0 . 3 1  m .  I n  t h i s  c a s e ,  t h e  a n g u l a r  
a c c e l e r a t i o n  w a s  r a t h e r  h i g h .  Under  t h e s e  c o n d i t i o n s ,  t h e  s t r e s s  
k i l l e d  a p p r o x i m a t e l y  5 0 %  o f  t h e  c o n t r o l  m i c e .  I n  t h e  r e m a i n i n g  
s e r i e s ,  t h e  a n i m a l s  w e r e  p l a c e d  i n  a c e n t r i f u g e  w i t h  a r a d i u s  o f  
4 . 2  m .  I n  o r d e r  t o  s t u d y  t h e  r e a c t i o n  o f  t h e  i r r a d i a t e d  a n i m a l s  t o  
r e p e a t e d  a c c e l e r a t i o n s ,  t h e  c e n t r i f u g i n g  w a s  c o n d u c t e d  w i t h  t h e  
same p a r a m e t e r s ,  1 0  min a f t e r  t h e  f i r s t  e f f e c t  o f  a n  a c c e l e r a t i o n .  

RESULTS A N D  DISCUSSION 

The t o l e r a n c e  o f  a n i m a l s  t o  a c c e l e r a t i o n s  d u r i n g  v a r i o u s  
p e r i o d s  a f t e r  i r r a d i a t i o n  d e p e n d s  on t h e  d o s e ,  a n d  c a n  b e  r e p r e s e n t e d  
b.y a h y p e r b o l i c  c u r v e  ( F i g .  2 ) .  The r e s u l t s  o f  t h e s e  s t u d i e s  a r e  
g i v e n  i n  T a b l e  1 a n d  F i g u r e  1. A s  w e  c a n  s e e  f r o m  F i g u r e  2 ,  t h e  
s e g m e n t  o f  t h e  c u r v e  w h e r e  1 < t < 9 c o n f o r m s  f a i r l y  w e l l  w i t h  t h e  / 4 3-~ 
e x p e r i m e n t a l  v a l u e s .  I n  a d d i t i o n  t o  t h i s ,  we t e s t e d  t h e  v a l i d i t y  
of t h i s  r e l a t i o n s h i p  f o r  t h e  more r e m o t e  p e r i o d s  o f  r a d i a t i o n  s i c k 
n e s s ,  a n d  o b t a i n e d  t h e  e x p e r i m e n t a l  d a t a  on t h e  t o l e r a n c e  t o  a c c e l 
e r a t i o n s  d u r i n g  t h e  f i r s t  d a y s  a f t e r  t h e  i r r a d i a t i o n .  

~~ 

l T h e  R B E  ( r e l a t i v e  b i o l o g i c a l  e f f e c t i v e n e s s )  f o r  t h e  y - r a y s  w a s  0 . 7 5  
C191. 
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TABLE 1. DEATH OF M I C E  F O L L O W I N G  THE EFFECT OF A C C E L E R A T I O N  A F T E R  
X - R A Y  I R R A D I A T I O N  I N  DOSES OF 2 5 0 - 8 5 0  REM 

-7 

,N ~ of Interval between Z e n t r i f u g i n g-I r radiat ion andDose , I~ ~ i ~ ~ hF i r s t  
1 

f S e c o n d  
r e m  Centrifuging a b s .  % I a b s .  I % 

C o n t r o l  40 3 17 42 30 75 
2 5 0  40 18 45 28 70 

C o n t r o l  40 5 23 58 32 80 

2 5 0  I 40 I 15 38 28 72 

C o n t r o l  40 9 19 
~ 47 

32 80
2 5 0  40 23 I 58 ~ 31 78

C o n t r o l  27 1 10 
~ 40 17 63 

5 0 0  20 6 30 16 59 
C o n t r o l  

5 0 0  40 17 42 18 45 
C o n t r o l  42 "E 18 43 26 62 

5 0 0  38 9 24 16 42 
Cont  r ol 

5 0 0  40 
9 18 

21 
43 
53 

25 
24 

64 
60 

C o n t r o l  
7 0 0  

40 
40 

3 15 
10 

37 
25 

19 
19 

48 
48 

C o n t r o l  
7 0 0  40 (3) 

28 
21 

65 
56 

36 
26 

84 
70 

40 2 20 5i! 28 70 

C o n t r o l  28 9 7 25 14 50 
7 0 0  38 (18) 

I 
7 35 15 75 

C o n t r o l  33 55 37 62 
700 100 

1 44 44 76 76 

C o n t r o l  16 9 9 56 15 94 

8 5 0  I6 I 4 25 12 75 

C o n t r o l  35 8 15 43 
a 5 0  41 (22) ' I 7 37 -

N O T E :  	 The number o f  a n i m a l s  wh ich  d i e d  a f t e r  i r r a d i a t i o n  i s  
g i v e n  i n  p a r e n t h e s e s .  

The o r i g i n a l  s e g m e n t  o f  t h e  c u r v e  i n  F i g u r e  2 a s s u m e s  t h e  p r e s e n c e  

o f  t h e  t o l e r a n c e  o f  t h e  m i c e  t o  a c c e l e r a t i o n s  f o r  a d o s e  on  t h e  

o r d e r  o f  4 0 0 0  r e m .  With  a c e r t a i n  d e g r e e  o f  r e l i a b i l i t y ,  we c a n  /43.6, 

assume  t h a t  a n y  p o i n t  i n  t h e  s h a a e d  s e g m e n t  o f  F i g u r e  2 r e f l e c t s  

t h e  i r r a d i a t e d  a n i m a l s '  t o l e r a n c e  a s  b e i n g  g r e a t e r  t h a n  or e q u a l  t o  

t h e  c o n t r o l .  F o r  e x a m p l e ,  f o r  i r r a d i a t i o n  by d o s e s  o f  2 0 0 0  a n d  

4000 r e m ,  t h e  a n i m a l s '  t o l e r a n c e  t o  a c c e l e r a t i o n s  on  t h e  f i r s t  

d a y  a f t e r ' t h e  e f f e c t  s h o u l d  b e  t h e  same as  i n  t h e  c o n t r o l s ,  or 

somewhat  h i g h e r .  


T a b l e  2 shows t h e  d a t a  for t h e  d e t e r m i n a t i o n  o f  t h e  t o l e r a n c e  
o f  t h e  m i c e  t o  a c c e l e r a t i o n  on t h e  f i r s t  d a y  a f t e r  y - i r r a d i a t i o n  i n  
d o s e s  o f  2 0 0 0  a n d  4000 r e m .  The a n i m a l s  w e r e  s u b j e c t e d  t o  t h e  e f 
f e c t  o f  a n  a c c e l e r a t i o n  o f  44 g ,  r e p e a t e d  t w i c e  f o r  1 0  min w i t h  a 
p a u s e  of 1 0  m i n ,  on  a c e n t r i f u g e  w i t h  a r a d i u s  o f  3 m .  A s  we c a n  
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s e e ,  t h e  t o l e r a n c e  o f  t h e  a n i m a l s  t o  t h e  a c c e l e r a t i o n  w a s  h i g h e r  
t h a n  f o r  t h e  c o n t r o l  m i c e :  A / A o  = 0 . 8 6  a n d  0 . 5 8 ,  r e s p e c t i v e l y ,  f o r  
2 0 0 0  a n d  4000 r e m .  

-A 
A0 ( 2 . 6 )  

Days  A f t e r  I r r a d i a t i o n  

F i g .  1. T o l e r a n c e  o f  I r r a d i a t e d  
Mice t o  A c c e l e r a t i o n .  (1) 250 
r e m ;  ( 2 )  5 0 0 ;  ( 3 )  7 0 0 ;  ( 4 )  850 
r e m ;  ( a )  S i n g l e  C e n t r i f u g i n g ;  
( b )  C e n t r i f u g i n g  R e p e a t e d  T w i c e ;  
( A )  D e a t h  ( % I  o f  E x p e r i m e n t a l  
A n i m a l s ;  ( A o )  D e a t h  o f  C o n t r o l s  

Number o f  Number o f  

A f t e r  r e p e a t e d  c e n t r i f u g i n g ,  
t h e  m o r t a l i t y  r a t e  f o r  t h e  
i r r a d i a t e d  a n i m a l s  w a s  56% f o r  
a d o s e  o f  2 0 0 0  r e m ,  a n d  70% 
f o r  4000 r e m .  I t  i s  w e l l  
known t h a t  t h e  a v e r a g e  l i f e -
s p a n  f o r  m i c e  a f t e r  d o s e s  o f  
1 5 0 0 - 1 5 , 0 0 0  r e m  i s  r o u g h l y  
3 . 5  d a y s  C161.  Wi th  a n  i n - / 4 3 7  
c r e a s e  i n  t h e  r a d i a t i o n  d o s e  
b e y o n d  1 5 , 0 0 0  r e m ,  t h e  a v e r a g e  
l i f e s p a n  b e g i n s  t o  d e c r e a s e  
r a p i d l y .  We c a n  a s s u m e  t h a t  
t h e  a n i m a l s '  t o l e r a n c e  t o  a n  
a c c e l e r a t i o n  a t  t < 1 w i l l  r e 
m a i n  w i t h i n  t h e  l i m i t s  o f  t h e  
c o n t r o l  l e v e l  f o r  d o s e s  on  t h e  
o r d e r  o f  1 0 , 0 0 0 - 1 5 , 0 0 0  r e m .  

A s  w e  s a i d  e a r l i e r ,  t h e  
c u r v e  i n  F i g u r e  2 w a s  o b t a i n e d  
by  d e t e r m i n i n g  t h e  m a r g i n  o f  
t o l e r a n c e  f o r  t h e  a n i m a l s  t o  
a c c e l e r a t i o n ,  f o r  9 d a y s  a f t e r  
t h e  r a d i a t i 0 . n  e f f e c t .  The s e g 
men t  o f  t h e  c u r v e  w h e r e  t > 9 
d a y s  a f t e r  t h e  i r r a d i a t i o n  h a d  
t o  b e  t e s t e d  e x p e r i m e n t a l l y .  

A n i m a l s  w h i c h  D i e d  Af te- r  t h e  
Group A n i m a l s  E f f e c t  of t h e  A c c e l e r a t i o n  

F i r s t  E f f e c t  I Second  E f f e c t  
~- 

~ 

C o n t r o l  1 4  4 ( 2 9 )  1 0  (71)
2000 r e m  1 6  4 ( 2 5 )  9 ( 5 6 )
C o n t r o l  2 0  1 2  ( 6 0 )  1 3  ( 6 5 )
4000 r e m  2 0  7 ( 3 5 )  1 4  ( 7 0 )  
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The a n i m a l s  w h i c h  w e r e  i r r a d i a t e d  by d o s e s  o f  1 0 0 ,  2 0 0  a n d  
3 5 0  rem w e r e  s u b j e c t e d  t o  t h e  e f f e c t  o f  a n  a c c e l e r a t i o n  on t h e  4 5 t h  
d a y ,  w h i l e  t h o s e  i r r a d i a t e d  b y  

4.0 


46 
fi  42 

", Z8 
4 2,4 

2.0 

a, 

m 460
cl 12 

0;s 
44 


n a y s  A f t e r  I r r a d i a t i o n  

F i g .  2 .  Dose-Time C u r v e  f o r  
t h e  R e s i s t a n c e  o f  t h e  I r r a d 
i a t e d  Mice t o  A c c e l e r a t i o n .  

TABLE 3 .  DEATHS OF M I C E  A F T E R  

d o s e s  o f  3 0 0  a n d  5 0 0  r e m  u n d e r w e n t  
a c c e l e r a t i o n  on t h e  1 6 t h  d a y  a f t e r  
i r r a d i a t i o n .  The c e n t r i f u g i n g  
w a s  r e p e a t e d  3 t i m e s ,  a n d  w a s  44  
g f o r  5 min w i t h  a p a u s e  o f  8-10  
m i n  ( T a b l e  3 ) .  By t h e  method of 
g r a p h i c a l  i n t e r p o l a t i o n - e x t r a p o 
l a t i o n  o f  t h e  c u r v e s  i n  F i g u r e  3 ,  
w e  c o u l d  d e t e r m i n e  t h e  d o s e s  f o r  
w h i c h  t h e  e f f e c t  on t h e  e x p e r i - /438 
m e n t a l  
for t h e  
t h a t  i n  
d o s e  o f  
make a 
g a r d i n g  
b e t w e e n  

a n i m a l s  w a s  e q u a l  t o  t h a t  
c o n t r o l .  I t  i s  o b v i o u s  
d e t e r m i n i n g  t h e  t o l e r a b l e  
i r r a d i a t i o n ,  w e  h a d  t o  

d e f i n i t e  a s s u m p t i o n  r e -
t h e  l i n e a r  r e l a t i o n s h i p  
t h e  a n i m a l s '  r e a c t i o n  t o  

t h e  a c c e l e r a t i o n  a n d  t h e  v a l u e  
f o r  t h e  r a d i a t i o n  d o s e  w i t h i n  t h e  
r a n g e  o f  t h e  e x p e r i m e n t a l  d o s e s .  
D u r i n g  t h e  e a r l i e r  p e r i o d s  a f t e r  
i r r a d i a t i o n ,  t h i s  f i e l a t i o n s h i p  i s  
more c o m p l e x  C 9 1 .  

THE EFFECT OF A N  A C C E L E R A T I O N ,  O N  
T H E  1 6 t h  A N D  4 5 t h  DAYS A F T E R  I R R A D I A T I O N  BY VARIOUS DOSES 

22 
C e n t r i f u g i n g  

Group . .  

F i r s t  Second  I T h i r d  
-

-% a b s .  % I a b s .  % 

A f t e r  45 d a y s  I 
C o n t r o l  25 8 40 45 

1 0 0  rem 
2 0 0  rem 
350 rem 

24 (30) 
14 (40) 
30 (55) 

8 (9) 
4 (10) 
7 (13) 

47 (45) 
29 (50) 
50 (65) 

48 (Sf!) 
57 (60) 
71 (80) 

A f t e r  16 d a y s  
35 10 50 65 

C o n t  r o 1 
3 0 0  rem 

7 (35) 
50 (60) 

1 (7) 
9 (13) 

7 (35)
56 (65) 

'I (35) 
56 (65) 

5 0 0  r e m  

NOTE:  *Twenty a n i m a l s  i n  e a c h  g r o u p .  
.r. J.
""The number  o f  a n i m a l s  w h i c h  d i e d  from i r r a d i a t i o n  t 

a c c e l e r a t i o n  i s  g i v e n  i n  p a r e n t h e s e s .  
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The d o s e s  f o r  w h i c h  ( o n  t h e  1 6 t h  a n d  4 5 t h  d a y s  a f t e r  i r r a d i a 
t i o n )  t h e  a n i m a l s '  t o l e r a n c e  t o  t h e  a c c e l e r a t i o n  c o r r e s p o n d e d  t o  
t h e  c o n t r o l ,  a v e r a g e d  4 8 1  a n d  1 5 0  r e m ,  r e s p e c t i v e l y .  T a k i n g  t h e  
d e a t h s  f r o m  i r r a d i a t i o n  i n t o  a c c o u n t ,  t h e s e  d o s e s  w e r e  somewhat  
l o w e r :  k00 a n d  85 r em.  

T h u s ,  t h e  e x p e r i m e n t a l  d a t a  o b t a i n e d  show t h a t  t h e  d e g r e e  o f  
r e s i s t a n c e  on t h e  p a r t  o f  t h e  m i c e  t o  a c c e l e r a t i o n  d e p e n d s  on t h e  
r a d i a t i o n  d o s e .  T h i s  d e p e n d e n c e  c a n  b e  d e s c r i b e d  by t h e  f o l l o w i n g  
e q u a t i o n :  

D t  = 5 - 1 0 3 ,  (1) 

where  D i s  t h e  d o s e  i n  r e m ;  t i s  t h e  t i m e  a f t e r  i r r a d i a t i o n  i n  d a y s .  

A l l  o f  t h e  a b o v e  r e f e r  t o  a n  a c u t e  s i n g l e  i r r a d i a t i o n .  Ob
v i o u s l y ,  f o r  a f r a c t i o n a t e d  i r r a d i a t i o n ,  we m u s t  c o n s i d e r  t h e  p r o 
c e s s e s  o f  p o s t - r a d i a t i o n  r e c o v e r y .  

A c c o r d i n g  t o  t h e  t h e o r i e s  o f  B l a i r  a n d  D a v i d s o n  C 2 0 ,  111, t h e  
p o s t - r a d i a t i o n  r e c o v e r y  p r o c e s s e s  c a n  b e  e x p r e s s e d  by t h e  f o l l o w i n g  / 4 3 9  
e q u a t i o n :  

D e  D i C f  + (1 -
where  D e  i s  t h e  e f f e c t i v e  r a d i a t i o n  d o s e ;  D i  i s  t h e  d o s e  o f  i r r a d i a 
t i o n ;  f i s  t h e  i r r e v e r s i b l e  p a r t  o f  t h e  damage ;  t i s  t h e  number of 
d a y s ;  B i s  t h e  r e c o v e r y  r a t e ;  e i s  t h e  b a s e  o f  t h e  n a t u r a l  l o g a r i t h m .  

For m i c e ,  a c c o r d i n g  t o  t h e  d a t a  o f  P a t e r s o n  e t  a l .  C 3 3 1 ,  t h e  
p e r i o d  o f  h a l f - r e c o v e r y  l a s t s  5 . 5  d a y s ,  f o r  a r e c o v e r y  r a t e  e q u a l  
t o  1 2 . 5 %  p e r  d a y .  We as sumed  t h a t  t h e  t o l e r a n c e  o f  i r r a d i a t e d  
a n i m a l s  t o  a c c e l e r a t i o n  c a n  d e p e n d  ( o b v i o u s l y )  on  t h e  d e g r e e  o f  t h e  
r a d i a t i o n  e f f e c t ,  c o n s i d e r i n g  t h e  p o s t - r a d i a t i o n  r e c o v e r y .  If t h e  
r e a c t i o n  t o  a n  a c c e l e r a t i o n  d e p e n d s  o n l y  on t h e  i r r e v e r s i b l e  p a r t  
o f  t h e  r a d i a t i o n  damage ,  t h e n  for r e p e a t e d  i r r a d i a t i o n  t h e  d o s e s  
w i l l  b e  summed a c c o r d i n g  t o  D e ,  a n d  n o t  a c c o r d i n g  t o  D i .  

For e x a m p l e ,  t h e  c a l c u l a t i o n s  show t h a t ,  f o r  a n  i r r a d i a t i o n  / 4 4 0  
r e p e a t e d  t w i c e  a t  d o s e s  o f  6 0 0  rem w i t h  a n  i n t e r v a l  o f  5 d a y s ,  D e  
h a s  a t o t a l  o f  a b o u t  7 4 4  rem on t h e  s e c o n d  d a y  a f t e r  t h e  s e c o n d  
e f f e c t .  I n  t h e  c a l c u l a t i o n s ,  we t o o k  f as  e q u a l  t o  0 . 1  ( 1 0 % ) .  If 
w e ' t h e n  s u b j e c t  t h e  i r r a d i a t e d  a n i m a l s  t o  c e n t r i f u g i n g ,  w e  c a n  e x 
p e c t  t h a t  t h e i r  t o l e r a n c e  t o  a c c e l e r a t i o n  w i l l  b e  t h e  same as  f o r  a 
s i n g l e  i r r a d i a t i o n  a t  t h e  same d o s e .  The e x p e r i m e n t  w a s  c o n d u c t e d  
r o u g h l y  by s u c h  a s c h e m e .  S i m u l t a n e o u s l y  w i t h  a g r o u p  o f  a n i m a l s  
wh ich  w e r e  i r r a d i a t e d  t w i c e  a t  a d o s e  o f  6 6 0  r e m ,  we i r r a d i a t e d  
a n o t h e r  g r o u p  o n c e  a t  a d o s e  of 8 5 0  rem ( t h e  D e  on t h e  s e c o n d  d a y  
a f t e r  i r r a d i a t i o n  i s  r o u g h l y  7 0 0  r e m )  ( T a b l e  4 ) .  
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T A B L E  4. DEATHS OF M I C E  A F T E R  THE E F F E C T  OF A C C E L E R A T I O N ,  AFTER 
I R R A D I A T I O N  R E P E A T E D  T W I C E  ( 6 0 0  rem x 2 ) ,  A N D  AFTER A SINGLE I R R A D 

I A T I O N  ( 8 5 0  r e m )  

Number o f  A n i m a l s  w h i c hGroup D i e d  A f t e r  
C e n t r i f u g i n g  

J. -1. J. 

6 0 0  x 2 1 8  * 
Y 

s's ;'r 6 (33)"""-C o n t r o l  2 2  1 2  ( 5 4 )  
850 1 6  2 4 ( 2 5 )-C o n t r o l  16 9 ( 5 6 )  
850 4 1  ( 2 2 )  8 7 (37)-C o n t r o l  35 1 5  (43) 

3t 
A f t e r  a S e c o n d  I r r a d i a t i o n .  ....?.,.d. 

A f t e r  a F i r s t  I r r a d i a t i o n .  
A s'i. i'r 

The P e r c e n t a g e s  o f  D e a t h s  f r o m  I r r a d i a t i o n  a r e  i n  P a r e n t h e s e s  

The e x p e r i m e n t  c o n d u c t e d  a c c o r d i n g  t o  t h i s  scheme t a k e s  i n t o  
a c c o u n t  t h e  f a c t  t h a t  t h e  r e s t o r a t i o n  p r o c e s s e s  i n  a n  i r r a d i a t e d  
o r g a n i s m  c a n  be  c l a r i f i e d  a c c o r d i n g  t o  t h e  c r i t e r i o n  o f  t h e  t o l e r a n c e  
t o  e x t r e m e  a c c e l e r a t i o n .  

T h e r e  a r e  g e n e r a l  r u l e s  among t h e  r e a c t i o n s  o f  i r r a d i a t e d  
a n i m a l s  t o  e x t r e m e  a c c e l e r a t i o n  a n d  r e p e a t e d  i r r a d i a t i o n .  T h e r e  
a r e  p e r i o d s  o f  i n c r e a s e d  a n d  d e c r e a s e d  s e n s i t i v i t y  o f  t h e  i r r a d i a t e d  
a n i m a l s  t o  a c c e l e r a t i o n  a n d  r e p e a t e d  i r r a d i a t i o n .  The p e r i o d  o f  
t h e  a n i m a l s '  i n c r e a s e d  r e s i s t a n c e  t o  a c c e l e r a t i o n ,  a c c o r d i n g  t o  
o u r  d a t a ,  i s  e q u a l  t o  8 - 9  d a y s  f o r  d o s e s  o f  250-500 r e m .  The p e r i o d  

o f  i n c r e a s e d  r a d i a t i o n - r e s i s t 
a n c e ,  d e t e r m i n e d  by t h e  t e s t  

-A o f  r e p e a t e d  i r r a d i a t i o n ,  c o r r e -
A0 l ' b  	 s p o n d s  r o u g h l y  t o  1 2 - 1 5  d a y s  

c11. 

F i g .  3 .  R e l a t i o n s h i p  b e t w e e n  
t h e  T o l e r a n c e  o f  t h e  Mice t o  

- A c c e l e r a t i o n  a n d  t h e  Dose o f
42 I r r a d i a t i o n .  (1, 2 ,  a n d  3)-40 C e n t r i f u g i n g  1 6  Days A f t e r  Ir
48 - /

// r a d i a t i o n ;  ( l ' ,  2 ' ,  a n d  3') 
qs- C e n t r i f u g i n g  45 Days A f t e r  Ir

r a d i a t i o n ;  ( a )  D e a t h s  A f t e r  t h e-44 E f f e c t  o f  a n  A c c e l e r a t i o n ;  (b)
92- D e a t h s  A f t e r  t h e  E f f e c t  o f  Ir-

I 1 I I . I I I r a d i a t i o n  a n d  A c c e l e r a t i o n ;
50 200 300 4&l 5DyI M]o ( A  a n d  A o ) '  Same as  i n  F i g u r e  1.

D o s e ,  r e m  
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C e r t a i n  a u t h o r s  C21 h a v e  n o t e d  i n  mice a n  i n c r e a s e d  or n o r m a l  
r e s i s t a n c e  t o  s t r y c h n i n e  a n d  n o v o e m b i c h i n e  i n  E r l i c h ' s  t u m o r s ,  e v e n  
5 0 - 6 5  d a y s  a f t e r  i r r a d i a t i o n .  T h i s  c o n t r a d i c t s  B l a i r ' s  t h e o r y  [ 2 0 ]  
on t h e  p r e s e n c e  o f  a n  i r r e v e r s i b l e  componen t  i n  t h e  r a d i a t i o n  damage .  

On t h e  o t h e r  h a n d ,  t h e  d a t a  w e  o b t a i n e d  i n d i c a t e  t h a t  on  t h e  / 4 4 1  
4 5 t h  d a y  a f t e r  t h e  i r r a d i a t i o n  t h e r e  i s  a n  i r r e v e r s i b l e  componen t  
i n  t h e  r a d i a t i o n  damage w h i c h  i s  f o u n d  by t h i s  t e s t .  

I t  i s  i n t e r e s t i n g  t o  n o t e  c e r t a i n  d i f f e r e n c e s  i n  t h e  t o l e r a n c e  
t o  a c c e l e r a t i o n s  a f t e r  t h e  e f f e c t  o f  i o n i z i n g  r a d i a t i o n s  i n  t h e  

. m i c e  o f  a p a r t i c u l a r  s t r a i n .  T h u s ,  on t h e  f i r s t  d a y  a f t e r  i r r a d i a 
t i o n  by  a d o s e  o f  9 0 0  r e m ,  t h e  a p p a r e n t  s e n s i t i v i t y  o f  t h e  m i c e  o f  
t h e  s t r a i n s  CC57br ,  C B A ,  a n d  C57blxCBA t o  t h e  e f f e c t  o f  a n  a c c e l e r a 
t i o n  i s  r a t h e r  e v e n .  I f ,  i n  t h e  c o n t r o l ,  t h e  d e a t h s  ( i n  % )  a f t e r  
a c c e l e r a t i o n s  f o r  t h e  h y b r i d s  C 5 7 b l  CBA-50, CC57br -65 ,  a n d  C B A  a r e  
9 0 % ,  t h e n ,  a f t e r  t h e  i r r a d i a t i o n  o f  C 5 7 b l  x CBA-65, CC57br-75 ,  a n d  
C B A ,  t h e y  a r e  7 0 % .  The r a d i a t i o n  f a c t o r  s e e m s  t o  t a k e  away t h e  
n a t u r a l  d i f f e r e n c e s  i n  t h e  s e n s i t i v i t y  o f  t h e  m i c e  t o  a c c e l 
e r a t i o n s .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  r a d i a t i o n - s e n s i t i v i t y  
o f  t h e  CC57br s t r a i n  i s  h i g h e r  ( L D 5 0 / 3 0  = 538 r e m )  t h a n  f o r  C B A  
( L D 5 0 / 3 0  = 748 r e m )  C141, w h i l e  t h e  s e n s i t i v i t y  t o  a c c e l e r a t i o n s  
i s  h i g h e r  f o r  t h e  C B A  s t r a i n .  

L e t  u s  now a t t e m p t  t o  e v a l u a t e  t h e  t o l e r a n c e  o f  t h e  i r r a d i a t e d  
a n i m a l s  t o  t h e  r e p e a t e d  e f f e c t s  o f  c r i t i c a l  a c c e l e r a t i o n s .  T h i s  
i s  o f  i n t e r e s t  i n  d e t e r m i n i n g  t h e  t o l e r a b l e  d o s e s  by  means  o f  r e 
p e a t e d  e f f e c t s .  I t  i s  c e r t a i n  t h a t  e a c h  e f f e c t  c h a n g e s  t h e  r e a c 
t i v i t y  o f  a n  a n i m a l .  T h e r e f o r e ,  i t  i s  i n t e r e s t i n g  t o  know how a n d  
i n  wha t  way t h e  r e a c t i o n  o f  a n  o r g a n i s m  c h a n g e s  w i t h  r e s p e c t  t o  t h e  
r e p e a t e d  e f f e c t  o f  t h e  same f a c t o r .  T h e r e f o r e ,  t h e  r e p e a t e d  e f f e c t  
o f  a c c e l e r a t i o n s  a t  a c e r t a i n  i n t e r v a l  a f t e r  t h e  f i r s t  c e n t r i f u g i n g  
w i l l  b e  our t e s t  f o r  t h e  r e a c t i v i t y  o f  t h e  a n i m a l s  w h i c h  r e m a i n  
a l i v e .  

If A,1 a n d  A,2 a r e  t h e  numbers  of d e a t h s  ( % )  o f  t h e  c o n t r o l  a n i 

m a l s ,  w h i l e  A' a n d  A 2  a r e  t h e  same f o r  t h e  i r r a d i a t e d  a n i m a l s ,  c o r 
1r e s p o n d i n g  t o  a f i r s t  a n d  s e c o n d  c e n t r i f u g i n g ,  t h e n  A 1 / A o  = K, ( t h e  

2i n d e x  f o r  t h e  t o l e r a n c e  t o  a f i r s t  a c c e l e r a t i o n )  a n d  A 2 / A o  = K 2  ( t h e  

i n d e x  f o r  t h e  t o l e r a n c e  t o  a s e c o n d  a c c e l e r a t i o n ) .  When K < 1, t h e  
r e s i s t a n c e  of t h e  i r r a d i a t e d  a n i m a l s  t o  a c c e l e r a t i o n s  i s  h i g h e r ;  
when K > 1, i t  i s  l o w e r .  

We c a n  a s sume  t h a t  t h e  r e a c t i o n  o f  t h e  i r r a d i a t e d  a n i m a l s  t o  
r e p e a t e d  c e n t r i f u g i n g  i s  a f u n c t i o n  o f  t h e  p e r i o d  o f  t h e  r a d i a t i o n  
s i c k n e s s .  

The c u r v e s  p l o t t e d  i n  F i g u r e  4 f o r  d o s e s  o f  250 a n d  5 0 0  r e m  a r e  
K1/K2 a t  v a r i o u s  d a y s  a f t e r  t h e  i r r a d i a t i o n .  T h e s e  c u r v e s  w e r e  
o b t a i n e d  by a n a l y z i n g  t h e  d a t a  shown i n  F i g u r e  1. A s  w e  c a n  s ee  
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f r o m  F i g u r e  4 ,  on  t h e  4 t h  t o  7 t h  d a y s  a f t e r  t h e  i r r a d i a t i o n ,  Kl/K2 
< 1, i . e .  t h e  t o l e r a n c e  o f  t h e  i r r a d i a t e d  a n i m a l s  d u r i n g  t h e  r e p e a t e d  
a c c e l e r a t i o n  i s  l o w e r  t h a n  d u r i n g  t h e  f i r s t  e f f e c t .  D u r i n g  t h e  
r e m a i n i n g  p e r i o d s ,  i t  w a s  f o u n d  ( o n  t h e  o t h e r  h a n d )  t h a t  t h e  r e s i s t 
a n c e  o f  t h e  i r r a d i a t e d  a n i m a l s  t o  t h e  s e c o n d  c e n t r i f u g i n g  was h i g h e r  
t h a n  f o r  t h e  f i r s t .  F o r  a d o s e  of 1 0 0  r e m ,  K1/K2 i s  a l m o s t  e q u a l  t o  
1. T h e r e f o r e ,  we c a n  c o n s i d e r  t h a t ,  f o r  a d o s e  o f  1 0 0  r e m ,  t h e  
a n i m a l s  r e a c t  t o  t h e  r e p e a t e d  c e n t r i f u g i n g  i n  t h e  same way a s  t h e  
c o n t r o l s .  

The t o l e r a b l e  r a d i a t i o n  / 4 4 2  
d o s e s  for t h e  a n i m a l s  d u r i n g  a 
s e c o n d  c e n t r i f u g i n g  c a n  b e  
d e t e r m i n e d  by a n a l y z i n g  t h e  
d a t a  i n  F i g u r e  3 .  The r e s u l t s  
o f  t h i s  a n a l y s i s  a r e  shown i n  
t h e  f o r m  o f  f o u r  s m a l l  c i r c l e s  
i n  F i g u r e  2 .  A s  we c a n  s e e  
f r o m  t h i s  F i g u r e ,  t h e  p e r m i s 
s i b l e  r a d i a t i o n  d o s e s  a r e  some
wha t  l o w e r  f o r  a s e c o n d  c e n 
t r i f u g i n g  t h a n  for one  e f f e c t  
o f  a n  a c c e l e r a t i o n .  When t 
>> 5 ,  t h e  d a t a  on t h e  t o l e r a n c e  
o f  t h e  i r r a d i a t e d  a n i m a l s  t o  

Days A f t e r  I r r a d i a t i o n  r e p e a t e d  a c c e l e r a t i o n s  c a n  be  
a p p r o x i m a t e  by t h e  f o l l o w i n g  

F i g .  4 .  R a t i o  o f  t h e  I n d i c e s  
f o r  T o l e r a n c e  (Kl/K2) t o  A c c e l - e x p o n e n t i a l  f u n c t i o n  D = D o e  -at , 
e r a t i o n s  f o r  Mice d u r i n g  S i n g l e  where  D i s  t h e  d o s e  i n  r e m ;  

and  R e p e a t e d  C e n t r i f u g i n g .  (1) D o  i s  t h e  i n i t i a l  d o s e  i n  r e m ;  

5 0 0 ;  ( 2 )  2 5 0 ;  ( 3 )  3 5 0 ;  ( 4 )  2 0 0 ;  t i s  t h e  t i m e  a f t e r  t h e  i r r a d 

( 5 )  1 0 0  r e m .  i a t i o n  i n  d a y s ;  e i s  t h e  b a s e  
o f  t h e  n a t u r a l  l o g a r i t h ;  c1 i s  
a c o e f f i c i e n t .  

By a n  a n a l y s i s  a c c o r d i n g  t o  t h e  me thod  o f  l e a s t  s q u a r e s ,  we 
o b t a i n e d  t h e  f o l l o w i n g  r e g r e s s i o n  e q u a t i o n :  

l o g  D = 2 . 9 9 3  - 0 . 0 6 5 - t - l o g  e ;  (t >> 5 ) .  ( 3 )  

E X T R A P O L A T I O N  OF T H E  D A T A  O B T A I N E D  F O R  A H U M A N  B E I N G  

P r e v i o u s l y  [ S I ,  on  t h e  b a s i s  o f  c o m p a r i n g  t h e  d a t a  for mice  on 
t h e  t o l e r a n c e  t o  a c c e l e r a t i o n  a n d  t h e  d y n a m i c s  f o r  t h e  d e c r e a s e  
i n  t h e  number of l e u k o c y t e s  a f t e r  i r r a d i a t i o n  by a d o s e  o f  LDso i n  
human b e i n g s  a n d  a n i m a l s ,  we a t t e m p t e d  t o  d e t e r m i n e  t h e  p e r i o d  f o r  
h a l f - r e c o v e r y  o f  t h e  n o r m a l  r e a c t i o n  o f  a n  o r g a n i s m  t o  t h e  e f f e c t  
o f  a n  a c c e l e r a t i o n .  

The p e r i o d s  f o r  h a l f - r e c o v e r y  o f  r a d i a t i o n - r e s i s t a n c e ,  d e t e r 
mined  by  t h e  me thod  o f  r e p e a t e d  i r r a d i a t i o n  [ll] d i f f e r  l i t t l e  f r o m  

4 8 1  
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t h e  t o l e r a n c e  o f  t h e  m i c e  t o  e x t r e m e  a c c e l e r a t i o n  C91, a n d  f o r  a 
d o s e  o f  a b o u t  DL50, t h e y  l a s t  a b o u t  5-6 d a y s  i n  b o t h  ca ses .  F o r  a 
human b e i n g ,  t h e  p e r i o d  o f  h a l f - r e c o v e r y  w a s  d e t e r m i n e d  as  25-35 d a y s ,  
w h i c h  a g r e e s  w i t h  t h e  d a t a  o f  o t h e r  a u t h o r s ,  who o b t a i n e d  t h e s e  
v a l u e s  by o t h e r  m e t h o d s  C111. 

However ,  we s h o u l d  n o t e  t h a t  o n l y  t h e  h a l f - p e r i o d  f o r  t h e  d e 
c r e a s e d  s e n s i t i v i t y  o f  t h e  i r r a d i a t e d  a n i m a l s  c o r r e s p o n d s  t o  t h e  
h a l f - r e c o v e r y  p e r i o d  d e t e r m i n e d  by t h e  t e s t  o f  r e p e a t e d  i r r a d i a t i o n .  

B e f o r e  o b t a i n i n g  t h e  c u r v e  f o r  t h e  t o l e r a n c e  o f  a human b e i n g  /443 
t o  e x t r e m e  a c c e l e r a t i o n  a f t e r  v a r i o u s  d o s e s  of r a d i a t i o n ,  we s h o u l d  
a t t e m p t  t o  s e l e c t  t h e  c o r r e s p o n d i n g  c r i t e r i a  f o r  o b t a i n i n g  t h e  e x 
t r a p o l a t e d  c o e f f i c i e n t s .  One o f  t h e  c r i t e r i a  by w h i c h  we c a n  o b t a i n  

t h e  e x t r a p o l a t i o n  c o e f f i c i e n t  i s  
loo0 - t h e  d i f f e r e n c e  i n  r a d i a t i o n  

am- 2 s e n s i t i v i t y  f o r  men a n d  a n i m a l s .  
On t h e  b a s i s  o f  t h e  d a t a  on t h em-
LD50/30-60 [ 4 ,  12, 16, 25, 28, 

E 6W- c u r v e s  f o r  t h e  f a t a l  e f f e c t s  f o r  
n m-

0
," 400-

human b e i n g s  a n d  m i c e .  A s  we c a n  
s e e  f r o m  F i g u r e  5, t h e  c o e f f i c i e n t  
o f  r a d i a t i o n  s e n s i t i v i t y  f o r  

0 300- / mouse or human a v e r a g e s  1.35 
a c c o r d i n g  t o  t h e  f a t a l i t y  r a t e ,  
f o r  l e v e l s  o f  p r o b a b i l i t y  o f  
0.1-0.95%. 

E 700- 1 29, 32, 341, we o b t a i n e d  t h e  

1 1 I I I I l l  I I I 1 1  
t 2 5 IO w 40 I w 90353899 

P r o b a b i l i t y  of D e a t h , %  I t  was shown e a r l i e r  t h a t  
t h e  c u r v e  f o r  t h e  t o l e r a n c e  o f  

F i g .  5. P r o b a b i l i t y  o f  D e a t h s  i r r a d i a t e d  m i c e  t o  a c c e l e r a t i o n s  
From V a r i o u s  Doses  o f  R a d i a - a g r e e d  w i t h  t h e  a v e r a g e  l i f e s p a n  
t i o n ,  f o r  a Human B e i n g  (1) o f  t h e  i r r a d i a t e d  m i c e  [9]. We 
a n d  f o r  a Mouse (2) c a n  c o n s i d e r  t h a t  t h i s  i n t e r 

r e l a t i o n s h i p  i s  p r e s e r v e d  f o r  a 
human b e i n g .  A c t u a l l y ,  t h e  p e r i o d  

o f  n o r m a l  (or d e c r e a s e d )  s e n s i t i v i t y  o f  a n  i r r a d i a t e d  o r g a n i s m  t o  
a c c e l e r a t i o n s  c a n  n o t  b e  more  t h a n  t h e  a v e r a g e  l i f e s p a n .  

C o n s i d e r i n g  t h e  d i f f e r e n c e s  i n  t h e  a v e r a g e  l i f e s p a n  a f t e r  
i r r a d i a t i o n  o f  a human a n d  a mouse ,  we c a n  o b t a i n  t h e  c o r r e s p o n d i n g  
c o e f f i c i e n t s  o f  e x t r a p o l a t i o n  f r o m  a n i m a l s  t o  human b e i n g s  f o r  d o s e s  
o f  300-2000 rem ( T a b l e  5). For d o s e s  o f  300-600, 700-900, a n d  
1000-2000 r e m ,  t h e s e  c o e f f i c i e n t s  a r e  1.77 (1.72-1.881, 2.00 (1.95 
-2.051, a n d  2.50, r e s p e c t i v e l y .  Wi th  t h i s  c o e f f i c i e n t  f o r  d o s e s  o f  
300-2000 r e m ,  E q u a t i o n  (1) t a k e s  t h e  f o r m  Dt = 5 * 1 0 3 * L ,  where  
L300-600 rem = 1 - 7 7 ;  L700-900 rem = 2 - 0 0 ;  L1-2 kpem - 2.50; c o n 

s i d e r i n g  t h e  c o e f f i c i e n t  o f  r a d i a t i o n  s e n s i t i v i t y  a s  e q u a l  t o  1.35, 
w e  f i n d  t h e  f o l l o w i n g :  

Dt = 3.7*103*L (200 rem < D << 700 r e m ) .  (4) 
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F o r  d o s e s  l e s s  t h a n  2 0 0  r e m ,  when t h e  p r o b a b i l i t y  o f  d e a t h ,  
a c c o r d i n g  t o  t h e  d a t a  C281, i s  o n l y  1 - 3 % ,  i t  i s  o b v i o u s l y  n o t  
n e c e s s a r y  t o  u s e  t h e  c o e f f i c i e n t  o f  e x t r a p o l a t i o n  o b t a i n e d  on t h e  
b a s i s  o f  t h e  d a t a  f o r  t h e  a v e r a g e  l i f e s p a n .  

I n  o u r  o p i n i o n ,  f o r  d o s e s  l e s s  t h a n  2 0 0  r e m ,  it i s  n e c e s s a r y  t o  
u s e  t h e  c r i t e r i o n  o f  d i f f e r e n c e  i n  t h e  r a t e s  o f  t h e  r e c o v e r ' y  p r o 
c e s s e s .  I t  i s  w e l l  known t h a t  t h e  r a t e  o f  t h e  r e c o v e r y  p r o c e s s e s  / 4 4 4  
a f t e r  r a d i a t i o n  damage c o r r e l a t e s  w i t h  t h e  r a t e  o f  t h e  m e t a b o l i c  
p r o c e s s e s ,  and  t h u s  w i t h  t h e  t y p e  o f  a n i m a l .  

T A B L E  5 .  R A T I O  OF THE A V E R A G E  LIFESPAN F O R  A H U M A N  (H)  A N D  F O R  A 
MOUSE (M) A F T E R  I R R A D I A T I O N  BY DOSES OF 300-2000 rem [16, 281 .  

D o s e ,  rem 	 A v e r a g e  L i f e - H / M  Dose ,  ran Average L i f e -
s p a n  , h o u r s  I 

. .  ~~ . 

Span , h a m  1 H'M 
.- -..__. - .

300 7501430 1,75 800 2,w400 6501380 1,72 900 1,95
500 6001320 1,88 1003 2,50
6(h: 5101290 1.76 2000 2,50
700 4301210 2,05 

A c c o r d i n g  t o  t h e  d a t a  o f  a number o f  a u t h o r s ,  t h e  p e r i o d s  f o r  
h a l f - r e c o v e r y  o f  t h e  r a d i a t i o n  s e n s i t i v i t y  i n  a human and  i n  a 
mouse a r e  25-35 d a y s  a n d  a b o u t  5 d a y s ,  r e s p e c t i v e l y .  D a v i d s o n  E111 
d e t e r m i n e d  t h e  a v e r a g e  p e r i o d  o f  h a l f - r e c o v e r y  for a human a s  e q u a l  
t o  a b o u t  28 d a y s .  A c c o r d i n g  t o  t h e  c r i t e r i o n  o f  t o l e r a n c e  t o  e x 
t r e m e  a c c e l e r a t i o n ,  a c c o r d i n g  t o  o u r  d a t a ,  i t  i s  a b o u t  26 d a y s  [ S I .  
The r a t i o  f o r  t h e  p e r i o d s  o f  h a l f - r e c o v e r y ' b e t w e e n  a human and  a 
mouse i s  5 . 6 - 5 . 2 .  

F o r  4 5  d a y s  a f t e r  i r r a d i a t i o n  by a d o s e  o f  1 0 0  r e m ,  t h e  t o l e r 
a n c e  t o  a c c e l e r a t i o n  i s  l o w e r  t h a n  i n  t h e  c o n t r o l s .  A c c o r d i n g  t o  
Formula  ( 2 1 ,  t h i s  p e r i o d  i s  l o n g e r  t h a n  t h e  p e r i o d  f o r  c o m p l e t e  
r e c o v e r y  f r o m  r a d i a t i o n  damage i n  m i c e .  F o r  a human, t h e  p e r i o d  
for c o m p l e t e  r e c o v e r y  o f  t h e  r e v e r s i b l e  p a r t  o f  r a d i a t i o n  damage i s  
e q u a l  t o  2 0 0  d a y s  [ l l] .  T h u s ,  i n  t h i s  c a s e  t h e  r a t i o  b e t w e e n  t h e  
p e r i o d s  o f  c o m p l e t e  r e c o v e r y  f o r  a human b e i n g  and  a mouse i s  a b o u t  
4 . 4 .  The c o e f f i c i e n t s  o b t a i n e d  by v a r i o u s  m e t h o d s  a r e  r a t h e r  c l o s e .  
On t h e  a v e r a g e ,  t h i s  c o e f f i c i e n t  i s  e q u a l  t o  a b o u t  5 .  F o r  d o s e s  
o f  2 0 0  r e m ,  F o r m u l a  ( 4 )  t a k e s  t h e  f o l l o w i n g  f o r m :  

Dt = 1 . 8 5 0 1 0 ~ ;(D 5 2 0 0  r e m ) .  

Fo rmula  ( 3 1 ,  wh ich  d e s c r i b e s  t h e  r e a c t i o n  o f  a n  i r r a d i a t e d  a n i m a l  
t o  r e p e a t e d  c e n t r i f u g i n g ,  mus t  a l s o  b e  r e l a t e d  t o  t h e  c o r r e s p o n d i n g  
c o e f f i c i e n t s  o f  e x t r a p o l a t i o n  f o r  o b t a i n i n g  t h e  c u r v e  o f  t h e  t o l e r 
a n c e  o f  a n  i r r a d i a t e d  human b e i n g  t o  t h e  r e p e a t e d  e f f e c t  o f  a c c e l e r 
a t i o n .  
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F i g u r e  6 shows  t h e  d a t a  o b t a i n e d  by e x t r a p o l a t i o n  o f  t h e  n o r m a l  
t o l e r a n c e  t o  a c c e l e r a t i o n s  f o r  a human b e i n g  who u n d e r w e n t  i r r a d i a 
t i o n  i n  d o s e s  o f  200-700 r e m ,  a n d  f o r  a d o s e  < < 2 0 0  r em.  However ,  
we m u s t  c o n s i d e r  t h e  t i m e  f o r  t h e  p r i m a r y  r e a c t i o n .  T h u s ,  a c c o r d i n g  
t o  t h e  d a t a  i n  t h e  l i t e r a t u r e ,  w h i c h  were c o m b i n e d  i n  a s t u d y  by 
Yu.G. G r i g o r ' y e v ,  A . D .  G u s ' k o v a ,  a n d  M.P. Domshlak C71, t h e  p r o 
n o u n c e d  p r i m a r y  r e a c t i o n  f o r  d o s e s  up t o  400 rem l a s t s  up  t o  3 d a y s .  
The p r o b a b i l i t y  o f  t h e  a p p e a r a n c e  o f  a p r i m a r y  r e a c t i o n  i s  r e l a t e d  / 4 4 5  
t o  t h e  d o s e  o f  r a d i a t i o n  r e c e i v e d ,  a s  w e  c a n  s ee  i n  F i g u r e  6 (b) 
a n d  ( c ) .  C e r t a i n  d i f f e r e n c e s  i n  t h e  d a t a  a r e  o b v i o u s l y  l i n k e d  w i t h  
t h e  f a c t  t h a t  some w e r e  o b t a i n e d  f r o m  p e o p l e  who w e r e  i r r a d i a t e d  a s  
a r e s u l t  o f  a d i s a s t e r  or a n  a c c i d e n t ,  a n d  o t h e r s  w e r e  o b t a i n e d  
d u r i n g  t h e r a p e u t i c  i r r a d i a t i o n  of p a t i e n t s .  

Days A f t e r  I r r a d i a t i o n  

F i g .  6 .  C a l c u l a t e d  Dose-Time Curve  o f  t h e  R e s i s t a n c e  o f  I r r a d i a t e d  

Humans t o  C r i t i c a l  A c c e l e r a t i o n s  (1) A v e r a g e  L i f e s p a n ;  ( 2 )  

T o l e r a n c e  t o  A c c e l e r a t i o n s  ( C o e f f i c i e n t  o f  E x t r a p o l a t i o n  o f  t h e  

A v e r a g e  L i f e s p a n ) ;  ( 3 )  T o l e r a n c e  t o  A c c e l e r a t i o n s ,  C o n s i d e r i n g  t h e  

C o e f f i c i e n t  o f  R a d i a t i o n  S e n s i t i v i t y ;  ( 4 )  T o l e r a n c e  t o  A c c e l e r a t i o n  

( S i n g l e  E f f e c t )  f o r  D o s e s  o f  2 0 0  r e m ;  ( 5 )  Same,  f o r  R e p e a t e d  A c c e l  

e r a t i o n ;  ( a )  Maximum P e r i o d  f o r  P r i m a r y  R e a c t i o n  C71; ( b )  P r o b a b i l i t y  

o f  a P r i m a r y  R e a c t i o n  (Pp), % C71; ( c )  Same a s  ( b )  ( f o r  a Dose o f  

300 r e m ,  Pp = 9 9 . 9 % )  C21-24,  2 6 ,  3 0 ,  3 1 1 ;  (P,) P r o b a b i l i t y  o f  a 


L e t h a l  R e s u l t  C281. 

A s  we c a n  s e e  f r o m  F i g u r e  6 ,  t h e  r a d i a t i o n  d o s e  i s  f u n c t i o n a l l y  
l i n k e d  w i t h  t h e  t i m e  a f t e r  t h e  i r r a d i a t i o n .  I n  o r d e r  t o  d e t e r m i n e  
t h e  minimum d o s e  o f  i r r a d i a t i o n  f o r  w h i c h  t h e  t o l e r a n c e  t o  a c c e l 
e r a t i o n  i s  n o r m a l ,  w e  m u s t  d e t e r m i n e  t h a t  p e r i o d  w h i c h  c o u l d  b e  
t a k e n  as  t h e  f i n a l  p o i n t  on t h e  s c a l e  o f  t h e  a b s c i s s a  i n  F i g u r e  6 .  
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T h e r e f o r e ,  w e  m u s t  s e l e c t  t h e  c r i t e r i o n  w h i c h  wou ld  d e t e r m i n e  t h i s  
t e m p o r a r y  p o i n t .  F o r  t h e  f i n a l  p o i n t  on  t h e  a x i s  o f  t h e  a b s c i s s a  
i n  F i g u r e  6 ,  w i t h  a d e f i n i t e  a l l o w a n c e ,  we c a n  t a k e  t h e  i n t e r v a l  
w h i c h  i s  e q u a l  ( f i r s t  o f  a l l )  t o  t h e  f i r s t  h a l f  o f  t h e  p e r i o d  f o r  
c o m p l e t e  p o s t - r a d i a t i o n  r e c o v e r y ,  d u r i n g  w h i c h  t h e r e  i s  c o m p e n s a t i o n  
o f  9 0 %  o f  t h e  r e v e r s i b l e  componen t  of r a d i a t i o n  damage ,  a n d  ( s e c o n d l y )  
w h i c h  i s  e q u a l  t o  t h e  p e r i o d  f o r  c o m p l e t e  r e c o v e r y .  A c c o r d i n g  t o  / 4 4 6  
F o r m u l a  ( 2 ) ,  t h e  p e r i o d  f o r  c o m p l e t e  r e c o v e r y  f r o m  r a d i a t i o n  damage,-
e v a l u a t e d  a c c o r d i n g  t o  t h e  r e c o v e r y  of r a d i a t i o n  s e n s i t i v i t y ,  i s  
e q u a l  t o  2 0 0  d a y s .  

The minimum p e r m i s s i b l e  d o s e  o f  r a d i a t i o n  w h i c h  d o e s  n o t  c a u s e  
a c h a n g e  i n  t h e  r e . a c t i v i t . y  o f  a n  o r g a n i s m  t o  a n  a c c e l e r a t i o n  f o r  
2 0 0  d a y s  i s  a b o u t  9 0  r e m .  F o r  r e p e a t e d  c e n t r i f u g i n g ,  t h i s  d o s e  i s  
e q u a l  t o  a b o u t  5 0  r e m .  

T h u s ,  on t h e  b a s i s  o f  o u r  d a t a ,  o b t a i n e d  by  e x t r a p o l a t i o n ,  w e  
c a n  a s sume  t h a t ,  for d o s e s  o f  5 0 - 9 0  r e m ,  t h e  t o l e r a n c e  o f  a human 
b e i n g  t o  a c c e l e r a t i o n s  a t  a n y  t i m e  w i t h i n  2 0 0  d a y s  a f t e r  i r r a d i a 
t i o n  w i t h i n  t h e  l i m i t s  o f  t h e s e  d o s e s  i s  o b v i o u s l y  t h e  same a s  f o r  
a h e a l t h y  p e r s o n .  

CONCLUSION 


The p r o b l e m  of d e t e r m i n i n g  t h e  p e r m i s s i b l e  d o s e s  o f  i o n i z i n g  
r a d i a t i o n  for t h e  c r e w  members o f  a i r c r a f t  h a s  b e e n  d i s c u s s e d  i n  a 
number o f  s t u d i e s  [ 6 ,  1 8 ,  2 7 1 .  However ,  i n  m o s t  c a s e s  t h e  c r i t e r i a  
wh ich  t h e  a u t h o r s  u s e d  f o r  e v a l u a t i n g  t h e  p e r m i s s i b l e  d o s e s  were  
i n a d e q u a t e  f o r  s p a c e  f l i g h t .  

T h e r e f o r e ,  i t  seemed  i n t e r e s t i n g  t o  a t t e m p t  t o  a n a l y z e  c e r t a i n  
o t h e r  m e t h o d s  f o r  e v a l u a t i n g  t h e  p e r m i s s i b l e  d o s e s  wh ich  would  be  
more s p e c i f i c  f o r  t h e  f a c t o r s  o f  a s p a c e  f l i g h t .  A t  t h e  f i r s t  
s t a g e ,  we s e l e c t e d  a c c e l e r a t i o n s  a s  t h e  f i r s t  c r i t e r i o n .  I n  t h i s  
a r t i c l e ,  we s t u d i e d  o n l y  t h e  p a r t i a l  c a s e  o f  t h e  t o l e r a n c e  t o  a c c e l 
e r a t i o n s  i n  a n  o r g a n i s m  w h i c h  was e x p o s e d  t o  i o n i z i n g  r a d i a t i o n  
[ 3 ,  8 1 .  A s  w a s  shown e a r l i e r  [ 9 ,  1 0 1  a n d  i n  t h i s  a r t i c l e ,  a n  a n i 
m a l  t o l e r a t e s  t h e  e f f e c t  o f  e x t r e m e  a c c e l e r a t i o n s  d u r i n g  t h e  f i r s t  
p e r i o d  a f t e r  i r r a d i a t i o n  much b e t t e r  t h a n  do  t h e  c o n t r o l  a n i m a l s .  

On t h e  o t h e r  h a n d ,  t h e  p r e l i m i n a r y  e f f e c t  o f  a n  a c c e l e r a t i o n  
on a n  o r g a n i s m  d e c r e a s e s  t h e  r a d i o b i o l o g i c a l  e f f e c t  o f  t h e  i o n i z i n g  
r a d i a t i o n  C3, 8 1 .  

However ,  i t  i s  p o s s i b l e  t h a t  f o r  a c o m b i n a t i o n  o f  s u b - m a r g i n a l  
( o r  s u b c r i t i c a l )  s t r e s s e s  ( i r r a d i a t i o n  + a c c e l e r a t i o n ,  or a c c e l e r a 
t i o n  + i r r a d i a t i o n ) ,  t h e  r e a c t i o n  o f  a n  o r g a n i s m  t o  t h e  e f f e c t  o f  a 
t h i r d  s t r e s s  ( f o r  e x a m p l e ,  p h y s i c a l  a n d  e m o t i o n a l  s t r e s s ,  e t c . )  c a n  
b e  q u a n t i t a t i v e l y  a n d  q u a l i t a t i v e l y  d i f f e r e n t  t h a n  f o r  t h e  i n t e r 
a c t i o n  o f  o n l y  two  s t r e s ses .  

U s i n g  t h e  q u a n t i t a t i v e  d i f f e r e n c e s  i n  t h e  r a d i o b i o l o g i c a l  r u l e s  
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f o r  m i c e  a n d  humans ,  w e  , a t t e m p t e d  t o  p e r f o r m  a n  e x t r a p o l a t i o n  o f  t h e  
e x p e r i m e n t a l  d a t a  f o r  human b e i n g s ,  r e c o g n i z i n g  t h e  c o n d i t i o n a l i t y  
o f  s u c h  a me thod .  However ,  w e  s h o u l d  n o t e  t h a t  t h e r e  i s  a s i m i l a r i t y  
i n  c e r t a i n  q u a l i t a t i v e  r a d i o b i o l o g i c a l  c h a n g e s  f o r  mice a n d  humans.  
T h u s ,  Mate C 1 2 1  m e n t i o n s  t h a t  a d e c r e a s e  i n  v a r i o u s  d i f f e r e n t  t y p e s  
o f  c e l l s  i n  t h e  b l o o d  o f  a human b e i n g  o c c u r s  i n  t h e  same c h r o n o 
l o g i c a l  o r d e r  a s  f o r  a mouse :  f i r s t  l y m p h o c y t e s ,  t h e n  r e t i c u l o c y t e s ,  
g r a n u l o c y t e s ,  a n d ,  f i n a l l y ,  t h r o m b o c y t e s .  A s  P . P .  s a k s o n o v  C171, 
A.S. Mozzhukh in ,  a n d  F.Yu.  R a c h i n s k i y  E131 show,  a c o m p a r i s o n  b e - / 4 4 7  
t w e e n  t h e  c l i n i c a l  p i c t u r e s  o f  a c u t e  r a d i a t i o n  s i c k n e s s  f o r  humans 
and  h i g h e r  a n i m a l s  shows t h a t  t h e r e  a r e  o n l y  q u a n t i t a t i v e  d i f f e r e n c e s  
i n  i t s  r e m o t e  symptoms ,  a s  w e l l  a s  i n  t h e  p e r i o d s  o f  i t s  d e v e l o p m e n t  
a f t e r  i r r a d i a t i o n .  

I t  i s  c e r t a i n  t h a t  a number o f  e x p e r i m e n t s  m u s t  b e  c o n d u c t e d  
i n  t h e  f u t u r e  on o t h e r  t y p e s  o f  a n i m a l s ,  i n  o r d e r  t h a t  we may h a v e  
t h e  p o s s i b i l i t y  f o r  mak ing  c o r r e s p o n d i n g  c l a r i f i c a t i o n s  o f  t h e  
e x t r a p o l a t i o n  c o e f f i c i e n t s  o b t a i n e d .  

T h e r e  s h o u l d  a l s o  b e  a n  a t t e m p t  t o  d e t e r m i n e  t h e  p e r m i s s i b l e  
d o s e s  o f  i r r a d i a t i o n  w h i l e  s e l e c t i n g  o t h e r  e x t r e m a 1  f a c t o r s  o f  s p a c e  
f l i g h t  a s  t h e  c r i t e r i a  f o r  t h e  c a l c u l a t i o n s .  

The a u t h o r s  would  l i k e  t o  e x p r e s s  t h e i r  d e e p  g r a t i t u d e  t o  S.N.  
Komarova f o r  h e r  a c t i v e  p a r t i c i p a t i o n  i n  c o n d u c t i n g  t h e s e  s t u d i e s .  
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T H E  S U R V I V A L  R A T E  OF A N I M A L S  FOLLOWING G E N E R A L  Y - I R R A D I A -
TION W H I L E  S H I E L D I N G  THE ABDOMINAL R E G I O N  

B . L .  R a z g o v o r o v  a n d  V . S .  M o r o z o v  

A B S T R A C T :  The e f f e c t  of s h i e Z d i n g  s e c t i o n s  of 
t h e  t i s s u e s  i n  t h e  upper  r e g i o n  of t h e  abdomen 
( b y  u s i n g  s t e e Z  bZocks  of v a r i o u s  w i d t h s  and 
t h i c k n e s s e s )  on t h e  i n c r e a s e  i n  t h e  r a d i a t i o n  
r e s i s t a n c e  of animaZs d u r i n g  a genera2  y-. irrad
i a t i o n  i n  ZethaZ and super-ZethaZ d o s e s  was 
examined i n  e x p e r i m e n t s  on r a t s .  I t  was shown 
t h a t  t h e  e f f e c t  of s h i e Z d i n g  t h e  abdomen depends 
on b o t h  t h e  w i d t h  and t h e  t h i c k n e s s  o f  t h e  s h i e Z d .  
For y - r a d i a t i o n  i n  d o s e s  of 1 0 0 0 - 1 6 5 0  r, t h e  
optimum w i d t h  of t h e  sh i eZd  is 2 em. The m i n i 
mum t h i c k n e s s  of a sh ieZd  which  e n s u r e s  a h i g h
s u r v i v u 2  r a t e  of t h e  animaZs v a r i e s  for v a r i o u s  
d o s e s  of i r r a d i a t i o n :  5 e m  for a J o s e  o f  1 0 0  r, 
10 em for a dose  o f  1 5 0 0  r .  I n  s h i e Z d i n g  p a r t s
of t h e  upper  r e g i o n  of t h e  abdomen of r a t s  by
bZocks  w i t h  a w i d t h  o f  2 em and a t h i c k n e s s  of 
1 5  em, t h e  f a c t o r  f o r  t h e  d e c r e a s e  of t h e  dose  
was a b o u t  2 . 4 .  

Man ' s  p e n e t r a t i o n  i n t o  s p a c e  ( a n d ,  i n  p a r t i c u l a r ,  p r o l o n g e d  / 4 4 8  
i n t e r p l a n e t a r y  f l i g h t s )  c a n  b e  l i n k e d  w i t h  t h e  a p p e a r a n c e  o f  r a d i a 
t i o n  damage w h i c h  i s  c a u s e d  by t h e  i n j u r i o u s  b i o l o g i c a l  e f f e c t  o f  
c o s m i c  r a d i a t i o n ,  p r i m a r i l y  t h e  h i g h - e n e r g y  p r o t o n s  w h i c h  a r e  
g e n e r a t e d  d u r i n g  s o l a r  f l a r e s  [l, 3 ,  4 ,  5 1 .  T h e r e f o r e ,  t h e  g r e a t  
i n t e r e s t  w h i c h  s c i e n t i s t s  o f  v a r i o u s  c o u n t r i e s  ha.ve i n  t h e  p r o b l e m  
o f  i n c r e a s i n g  t h e  r a d i a t i o n  r e s i s t a n c e  o f  l i v i n g  o r g a n i s m s  i s  
c o m p l e t e l y  u n d e r s t a n d a b l e .  

S i n c e  t h e  t i m e  o f  J a c o b s o n ' s  f i r s t  e x p e r i m e n t s  [14-16], h i s t o r y  
h a s  known t h e  me thod  w h i c h  p r o v i d e s  for c h a n g i n g  t h e  c o u r s e  o f  
r a d i a t i o n  s i c k n e s s  by i n c r e a s i n g  t h e  r a d i a t i o n  r e s i s t a n c e  o f  a n  
o r g a n i s m ;  i n  p a r t i c u l a r ,  t h e  me thod  o f  s h i e l d i n g  v a r i o u s  o r g a n s  or 
r e g i o n s  o f  a n i m a l s '  b o d i e s  d u r i n g  i r r a d i a t i o n .  V a r i o u s  a u t h o r s  
h a v e  e s t a b l i s h e d  t h a t  t h e  m o s t  p r o n o u n c e d  p r o t e c t i v e  e f f e c t  ( p r i 
m a r i l y  t h e  d e c r e a s e  i n  t h e  number  o f  f a t a l  r e s u l t s )  for a g e n e r a l  
X-ray  i r r a d i a t i o n  o f  a n i m a l s  o v e r  a w i d e  r a n g e  o f  d o s e s  i s  o b s e r v e d  
when t h e  o r g a n s  i n  t h e  abdomen ( p a r t i c u l a r l y  i t s  a n t e r i o r  r e g i o n )  / 4 4 9  
a r e  s h i e l d e d  [ 2 ,  6 ,  8 ,  1 2 ,  1 4 - 1 9 ] .  Such  a l o c a t i o n  f o r  t h e  s h i e l d  
g u a r a n t e e s  p r e s e r v i n g  p a r t s  o f  t h e  m o s t  r a d i a t i o n  s e n s i t i v e  o r g a n s  
( t h e  h e m o p o i e t i c  t i s s u e  a n d  t h e  i n t e s t i n e )  w h i c h  p l a y  a n  i m p o r t a n t  
p a r t  i n  t h e  p r o c e s s e s  o f  p o s t - r a d i a t i o n  r e c o v e r y .  

The a u t h o r s  o f  t h i s  a r t i c l e ,  t o g e t h e r  w i t h  o t h e r  c o l l a b o r a t o r s ,  

4 8 9  



h a v e  shown t h a t  s h i e l d i n g  v a r i o u s  s e c t i o n s  o f  t h e  b o d y ,  p r i m a r i l y  
t h e  a n t e r i o r  r e g i o n  o f  t h e  abdomen,  i s  a n  e f f e c t i v e  me thod  o f  
d e c r e a s i n g  t h e  s e v e r i t y  o f  a r a d i a t i o n  r e a c t i o n ,  n o t  o n l y  f o r  t h e  
e f f e c t  o f  y - r a y s ,  b u t  a l s o  f o r  i r r a d i a t i n g  m i c e  by  a p u l s e d  beam 
o f  p r o t o n s  w i t h  a n  e n e r g y  of 1 2 0  M e V  C71. I t  w a s  shown somewhat  
e a r l i e r  [ 9 - 1 1 1  t h a t  r a d i a t i o n - p r o t e c t i v e  p r e p a r a t i o n s  a l s o  m a i n t a i n  
t h e i r  e f f e c t  when i r r a d i a t i n g  t h e  a n i m a l s  w i t h  p r o t o n s  a t  e n e r g i e s  
o f  120-660  M e V .  

I n  t h i s  a r t i c l e ,  w e  a r e  p r e s e n t i n g  t h e  r e s u l t s  o f  f u r t h e r  
s t u d i e s  on  t h e  e f f e c t  o f  s h i e l d i n g  t h e  abdomen d u r i n g  t h e  r a d i a t i o n  
r e a c t i o n  i n  r a t s .  W e  p a i d  p a r t i c u l a r  a t t e n t i o n  t o  t h e  s t u d y  o f  t h e  
r e l a t i o n s h i p  b e t w e e n  t h e  s u r v i v a l  r a t e  a n d  t h e  w i d t h  a n d  ( i n  p a r t i c u 
l a r )  t h i c k n e s s  o f  t h e  s h i e l d s  for v a r i o u s  d o s e s  o f  y - i r r a d i a t i o n .  
By t h e  w i d t h  o f  t h e  s h i e l d  ( t h e  p r o t e c t i v e  b l o c k ) ,  we mean i t s  
v e r t i c a l  d i m e n s i o n s ,  c o i n c i d i n g  w i t h  t h e  d i r e c t i o n  o f  t h e  s a g i t t a l  
l i n e  o f  t h e  b o d y ;  by  t h e  t h i c k n e s s ,  we mean t h e  p a t h  t h r o u g h  w h i c h  
t h e  m a t e r i a l s  o f  t h e  p r o t e c t i v e  b l o c k  f o r  t h e  e n e r g y  f l u x  p a s s ,  
a n d  w h i c h  i s  d i r e c t e d  p e r p e n d i c u l a r  t o  t h e  s a g i t t a l  l i n e  o f  t h e  
b o d y .  

All t h e  e x p e r i m e n t s  w e r e  c o n d u c t e d  on  more t h a n  650  w h i t e  r a t s ,  
males  a n d  f e m a l e s  o f  no  p a r t i c u l a r  s t r a i n ,  w e i g h i n g  200-250 g .  The 
m e t h o d s  o f  e x a m i n i n g  a n d  i r r a d i a t i n g  t h e  a n i m a l s  w h i l e  s h i e l d i n g  
t h e  a b d o m i n a l  r e g i o n  w e r e  d e s c r i b e d  i n  a p r e c e d i n g  a r t i c l e  C 7 1 .  
The r a t s  w e r e  s u b j e c t e d , t o  a g e n e r a l  y - i r r a d i a t i o n  f r o m  C o 6 0  i n  
d o s e s  f r o m  1 0 0  t o  1 6 5 0 - 1 9 5 0  r ( 1 3 - 1 5  r / m i n ) .  

For t h e  f o l l o w i n g  r e a s o n s ,  w e  d i d  n o t  c o n s i d e r  it n e c e s s a r y  t o  
e x a m i n e  t h e  e f f e c t  o f  s h i e l d i n g  t h e  abdomen on t h e  r a d i a t i o n  r e a c t i o n  
of t h e  r a t s  d u r i n g  i r r a d i a t i o n  i n  d o s e s  w h i c h  e x c e e d e d  1800-2000  r .  
A l a r g e  number o f  e x p e r i m e n t s  h a v e  shown t h a t ,  d u r i n g  i r r a d i a t i o n  
o f  v a r i o u s  l a r g e  p a r t s  o f  t h e  a n i m a l s '  b o d i e s  ( h e a d ,  c h e s t ,  abdomen)  
o v e r  a d e f i n i t e  r a n g e  o f  d o s e s ,  a t y p i c a l  r a d i a t i o n  s i c k n e s s  ( w h i c h  
o f t e n  e n d s  i n  d e a r h )  d e v e l o p s .  The d o s e s  o f  r a d i a t i o n  w h i c h  c a u s e  
t h e  f a t a l  r e s u l t  v a r y  i n  r e l a t i o n  t o  t h e  r a d i a t i o n  s e n s i t i v i t y  o f  
t h e  o r g a n s  a n d  t i s s u e s  o f  t h e  i r r a d i a t e d  r e g i o n  o f  t h e  b o d y ,  a n d  i n  
r e l a t i o n  t o  t h e i r  s i g n i f i c a n c e  d u r i n g  t h e  p r o c e s s e s  o f  p o s t - r a d i a 
t i o n  r e c o v e r y .  A d e t a i l e d  e x a m i n a t i o n  o f  t h e  c o u r s e  o f  r a d i a t i o n  
damage a n d  t h e  c a u s e s  f o r  t h e  f a t a l  r e s u l t s  a f t e r  i r r a d i a t i n g  l a r g e  
p a r t s  o f  t h e  body i n  r a t s  C131 showed t h a t ,  e v e n  i n  i r r a d i a t i n g  t h e  
c h e s t  ( a  r e l a t i v e l y  r a d i a t i o n  r e s i s t a n t  r e g i o n )  a t  d o s e s  w h i c h  e x 
c e e d  2 0 0 0  r ,  a l l  t h e  r a t s  d i e d  f r o m  a n  a c u t e  r a d i a t i o n  s i c k n e s s  
b e t w e e n  t h e  1 4 t h  a n d  2 6 t h  d a y s  a f t e r  t h e  i r r a d i a t i o n .  I n  t h e  c a s e  
of i r r a d i a t i o n  o f  t h e  h e a d ,  t h e  mass o f  w h i c h  i s  o n l y  a b o u t  1 2 . 5 %  
o f  t h e  mass o f  t h e  e n t i r e  b o d y ,  a l l  t h e  r a t s  d i e d  b e t w e e n  t h e  8 t h  
a n d  1 7 t h  d a y s  i n  t h o s e  c a s e s  when t h e  d o s e  o f  t h e  r a d i a t i o n  w a s  
e q u a l  t o ,  or e x c e e d e d ,  1 7 5 0  r. 

The d e a t h s  o f  t h e  a n i m a l s  a f t e r  i r r a d i a t i n g  t h e  h e a d  or c h e s t  /45! 
i n  l a r g e  d o s e s ,  d e s p i t e  t h e  p r o t e c t i o n  o f  t h e  r e m a i n i n g  p a r t  o f  t h e  
body ( a n d  t h u s  t h e  p r e s e r v a t i o n  o f  t h e  p r i n c i p a l  mass o f  t h e  m o s t  
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r a d i a t i o n  s e n s i t i v e  o r g a n s  a n d  t i s s u e s  w h i c h  p l a y  a d e t e r m i n a n t  
p a r t  i n  t h e  p r o c e s s e s  o f  p o s t - r a d i a t i o n  r e c o v e r y ) ,  c a n  b e  e x p l a i n e d  
by  t h e  i r r e v e r s i b l e  i n j u r i e s  t o  t h e  c e l l s  a n d  t i s s u e s  o f  t h e  i r r a d 
i a t e d  a r e a s  o f  t h e  b o d y .  

T h e r e f o r e ,  s h i e l d i n g  a l m o s t  t h e  e n t i r e  b o d y  ( e x c l u d i n g  o n l y  t h e  
h e a d )  d o e s  n o t  p r e v e n t  t h e  d e a t h  o f  t h e  r a t s  d u r i n g  t h e  f i r s t  two  
or t h r e e  weeks  a f t e r  i r r a d i a t i o n  i n  d o s e s  w h i c h  a r e  e q u a l  t o ,  or 
e x c e e d ,  1 7 5 0  r .  O b v i o u s l y ,  s h i e l d i n g  r e l a t i v e l y  s m a l l  p a r t s  o f  t h e  
a n t e r i o r  r e g i o n  o f  t h e  abdomen ( t h e  l o c a t i o n  w e  s e l e c t e d )  c a n n o t  
g i v e  a c l e a r  p o s i t i v e  r e s u l t  f o r  d o s e s  o f  i r r a d i a t i o n  w h i c h  a r e  
c l o s e  t o ,  or e v e n  e x c e e d ,  2 0 0 0  r .  

As w e  h a v e  a l r e a d y  s a i d ,  t h i s  e x p e r i m e n t a l  s t u d y  w a s  c o n d u c t e d  
on r a t s  i r r a d i a t e d  by  d o s e s  wh ich  e x c e e d e d  t h e  minimum a b s o l u t e  
l e t h a l  d o s e ,  e q u a l  t o  a b o u t  9 0 0  r u n d e r  o u r  c o n d i t i o n s  o f  i r r a d i a 
t i o n .  The p r i n c i p a l  c r i t e r i o n  for e v a l u a t i n g  t h e  r e s u l t s  o b t a i n e d  
w a s  s e l e c t e d  a s  t h e  30  d a y  s u r v i v a l  r a t e  o f  t h e  ra ts . .  

I t  i s  w e l l  known t h a t  t h e  e f f e c t  of  t h e  s h i e l d i n g  d e p e n d s  on 
t h e  v a l u e  f o r  t h e  d o s e  of i r r a d i a t i o n ,  t h e  l o c a t i o n  o f  t h e  s h i e l d ,  
t h e  a r e a  o f  t h e  s h i e l d e d  s u r f a c e  ( t h e  mass o f  p r o t e c t e d  t i s s u e ) ,  
t h e  t h i c k n e s s  o f  t h e  s h i e l d ,  t h e  d e t e r m i n i n g  r e m a n e n t  d o s e  b e y o n d  
t h e  p r o t e c t i o n ,  a n d  a number  o f  o t h e r  f a c t o r s .  

The f i r s t  e x p e r i m e n t s  w e r e  c o n d u c t e d  i n  o r d e r  t o  s t u d y  t h e  
p r o b l e m  o f  t h e  c h a n g e  i n  t h e  s u r v i v a l  r a t e  o f  t h e  r a t s  f o r  v a r i o u s  
d o s e s  o f  i r r a d i a t i o n ,  i n  r e l a t i o n  t o  t h e  w i d t h  o f  t h e  s h i e l d .  I n  
a l l  our e x p e r i m e n t s ,  s t e e l  s h i e l d i n g  b l o c k s  w e r e  p l a c e d  p e r p e n d i c u 
l a r  t o  t h e  s a g i t t a l  l i n e  o f  t h e  body ( a l o n g  i t s  l e n g t h w i s e  a x i s ) ,  
c o v e r i n g  t h e  p a r t s  o f  t h e  a n t e r i o r  r e g i o n  o f  t h e  abdomen w h i c h  w e r e  
d i r e c t l y  i n  f r o n t  o f  t h e  u m b i l i c a l  l i n e .  T h e r e f o r e ,  t h e  w i d t h  o f  
t h e  b l o c k s  d e t e r m i n e d  t h e  v a l u e  o f  t h e  a r e a ,  a n d  t h u s  t h e  v a l u e  for 
t h e  mass  o f  p r o t e c t e d  t i s s u e .  

We h a v e  a l r e a d y  p u b l i s h e d  t h e  f i r s t  r e s u l t s  o f  t h e  s t u d i e s  on  
t h i s  p r o b l e m  i n  a p r e v i o u s  a r t i c l e  1 7 1 .  L a t e r ,  we c o n d u c t e d  e x p e r i 
m e n t s  w i t h  t h e  w i d t h  o f  t h e  p r o t e c t i v e  b l o c k s  d e c r e a s e d  t o  1 c m ,  a s  
w e l l  a s  w i t h  b l o c k s  2 cm w i d e  f o r  l a r g e r  d o s e s  o f  r a d i a t i o n  ( T a b l e  
1, F i g u r e s  1 a n d  2 ) .  An a n a l y s i s  o f  T a b l e  1 a n d  F i g u r e s  1 a n d  2 
shows t h a t ,  w i t h i n  t h e  r a n g e  of i r r a d i a t i o n  d o s e s  f r o m  1 0 0 0  t o  1 5 0 0  
r, t h e  s h i e l d i n g  o f  t h e  abdomen by b l o c k s  w i t h  a w i d t h  o f  2 t o  6 c m ,  
f o r  a c o n s t a n t  t h i c k n e s s  o f  1 5  cm, p r o d u c e s  a v e r y  h i g h  s u r v i v a l  
r a t e  o f  t h e  a n i m a l s ,  w i t h i n  t h e  l i m i t s  f r o m  8 2  t o  97 -100  % .  Even 
f o r  a d o s e  o f  1 6 5 0  r ,  t h e  h i g h  s u r v i v a l  r a t e  of  t h e  r a t s  i s  p r e 
s e r v e d ,  w h i l e  t h e  n u m e r i c a l  d i f f e r e n c e s  f o u n d  i n  t h e  p e r c e n t a g e  o f  
t h e  s u r v i v a l  r a t e  f o r  s h i e l d i n g  t h e  a n i m a l s  w i t h  b l o c k s  w i t h  a 
w i d t h  o f  3 a n d  2 c m  w e r e  s t a t i s t i c a l l y  u n r e l i a b l e .  A d e c r e a s e  i n  
t h e  w i d t h  o f  t h e  s h i e l d  down t o  1 c m  l e a d s  t o  a n  i n t e n s e  d e c r e a s e  
i n  t h e  s u r v i v a l  r a t e  o f  t h e  r a t s  f o r  d o s e s  o f  i r r a d i a t i o n  w h i c h  
e x c e e d  1 0 0 0  r ,  w h i l e  f o r  a d o s e  o f  1 6 5 0  r ,  a l l  t h e  a n i m a l s  d i e d .  
T h u s ,  on t h e  b a s i s  o f  t h e  r e s u l t s  o b t a i n e d ,  w e  c a n  d raw t h e  v e r y  
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T A B L E  1. C H A N G E  I N  THE SURVIVAL RATE OF I R R A D I A T E D  RATS, S H I E L D I N G  / 4 5 1  
THE A N T E R I O R  R E G I O N  OF THE A B D O M E N  B Y  P R O T E C T I V E  BLOCKS OF VARIOUS 

WIDTHS A N D  A THICKNESS OF 1 5  c m .  

D o s e ,  r Widthof the Numb< of?% I S u r v i v a l  R a t e  A v e r a g e  L i f e s p a n ,  
Shiel4 c m  Total % I l m  i n  Days, c?f tl-e R a t s  

sur*mrars I whichDied, M f m 

0 95 3 
6 30 30 

io00 4 30 29 
3 36 35 
2 30 25 
1 42 38 
0 12 0 
4 12 12 

1200 2 24 23 
‘1 18 6 
0 12 0 
4 12 12 

1501 3 17 14 
2 17 14 
1 18 2 
0 12 0 
3 29 24 

1650 2 30 21 
1 30 0 

1800 2 18 5 
1950 2 18 0 

J. 

3e2f1.8 

100,O 
96,7f3,3 * 
97,2f2,8 
83.356.8 * 
90.5f4.5 * 
0 


100.0 

95.8f41.l 

33,3f1?,1 

0 


100.0 

82,4*9,2 

82.4f9.2 

11.1f7.4 
0 
82.857.0 

.70,Of8,4 

0 


27.8f10.6 


l o 
R e l i a b i l i t y  o f  t h e  D i f f e r e n c e s  f o r  t h e  C o n t r o l  I r r a d i a 
t i o n ,  p < 0 . 0 0  

d e f i n i t e  c o n c l u s i o n  t h a t  i n  o r d e r  t o  p r e s e r v e  t h e  h i g h  s u r v i v a l  r a t e  
o f  t h e  r a t s  f o r  d o s e s  w h i c h  e x c e e d  t h e  minimum a b s o l u t e  l e t h a l  d o s e  
by  1 . 5 - 2  t i m e s ,  we m u s t  c o n s i d e r  a w i d t h  o f  2 c m  f o r  t h e  s h i e l d  a s  
m o s t  r e a s o n a b l e  f o r  t h e  l o c a l i t y  we s e l e c t e d ,  s i n c e  a f u r t h e r  i n 
c r e a s e  o f  i t s  w i d t h  d o e s  n o t  c a u s e  a r e l i a b l e  i n c r e a s e  i n  t h e  s u r 
v i v a l  r a t e  o f  t h e  a n i m a l s ;  a d e c r e a s e  t o  1 cm d o e s  n o t  g u a r a n t e e  a n  
a d e q u a t e l y  h i g h  s u r v i v a l  r a t e  f o r  d o s e s  w h i c h  e x c e e d  1 0 0 0  r .  

I n  o u r  o p i n i o n ,  t h e  r e s u l t s  o b t a i n e d  show s u f f i c i e n t l y  w e l l  
t h a t  i n  o r d e r  t o  c l a r i f y  t h e  d e f i n i t e  p r o t e c t i v e  e f f e c t  on t h e  r a t s  
( a c c o r d i n g  t o  t h e  c h a r a c t e r i s t i c  o f  t h e  30 -day  s u r v i v a l  r a t e )  i n  
t h e  r a n g e  o f  d o s e s  we a r e  e x a m i n i n g ,  t h e r e  i s  o b v i o u s l y  a c e r t a i n  
minimum volume (minimum m a s s )  o f  p r o t e c t e d  t i s s u e  ( p r i m a r i l y  i n  t h e  
i n t e s t i n e  a n d  t h e  h e m o p o i e t i c  o r g a n s ) ,  whose  n o r m a l  f u n c t i o n  mus t  / 4 5 2  
b e  m a i n t a i n e d  t o  e n s u r e  r e c o v e r y  f r o m  t h e  r a d i a t i o n  damage t o  t h e  
o r g a n s  a n d  t i s s u e s .  

492  



F o r  t h e  l o c a l i t y  w e  s e l e c t e d ,  a p r o t e c t i v e  s h i e l d  w i t h  a w i d t h  
o f  2 c m  i m m e d i a t e l y  g u a r a n t e e s  a r e l i a b l e  p r e s e r v a t i o n  o f  t h e  n e c e s 
s a r y  minimum number o f  v i t a l  t i s s u e s  wh ich  h a v e  a h i g h  r e g e n e r a t i v e  
c a p a c i t y .  On t h e  b a s i s  o f  t h e  c a l c u l a t e d  d a t a  p r e s e n t e d  i n  o u r  
p r e v i o u s  s t u d y  [ 7 1 ,  w e  c a n  e a s i l y  d e t e r m i n e  t h a t . f o r  a s h i e l d  w i t h  
a w i d t h  o f  2 cm, t h e  mass o f  p r o t e c t e d  t i s s u e s  i s  a b o u t  1 0 - 1 2 %  o f  
t h e  e n t i r e  mass o f  a r a t ' s  b o d y ,  ; . e .  a b o u t  25 g ( f o r  a t o t a l  w e i g h t  
o f  2 0 0 - 2 5 0  g ) .  A t  t h e  same t i m e ,  i f  t h e  mass o f  p r o t e c t e d  t i s s u e s  
i s  o n l y  5-6% o f  t h e  e n t i r e  m a s s  o f  t h e  b o d y ,  wh ich  i s  t h e  c a s e  f o r  
a s h i e l d  w i t h  a w i d t h  o f  1 cm, t h i s  q u a n t i t y  i s  i n s u f f i c i e n t  f o r  
g u a r a n t e e i n g  a h i g h  s u r v i v a l  r a t e  o f  t h e  r a t s  a f t e r  y - i r r a d i a t i o n  
i n  d o s e s  wh ich  e x c e e d  1 0 0 0  r. 

Our c o n c l u s i o n  r e g a r d i n g  t h e  e x i s t e n c e  o f  a minimum volume / 4 5 3  
( m a s s )  o f  t h e  i n t e s t i n e  a n d  h e m o p o i e t i c  t i s s u e  wh ich  i s  n e c e s s a r y  
f o r  o b t a i n i n g  a r e l i a b l e  p r o t e c t i v e  e f f e c t  i n  s h i e l d i n g  t h e  abdomen 
i n  r a t s  c o n f o r m s  i n  t h i s  r e s p e c t  t o  t h e  d a t a  o f  Mezen e t  a l .  [ 6 ] .  

The f o l l o w i n g  s t a g e  o f  t h e  s t u d y  i n v o l v e d  a n  e x p e r i m e n t a l  exam
i n a t i o n  o f  t h e  e f f e c t  on t h e  s u r v i v a l  r a t e  o f  t h e  r a t s  p r o d u c e d  by  
s h i e l d i n g  t h e  abdomen w i t h  b l o c k s  o f  v a r y i n g  t h i c k n e s s e s  a n d  t h e  

Dosa ,r 

F i g .  1. S u r v i v a l  R a t e  o f  t h e  
R a t s  , S h i e l d i n g  t h e  Abdomen 
by B l o c k s  w i t h  a T h i c k n e s s  o f  
1 5  c m  V e r s u s  t h e  Dose of  Ir
r a d i a t i o n ,  f o r  V a r i o u s  W i d t h s  
o f  t h e  B l o c k s :  ( 1 )  1 c m ;  ( 2 )  
2 c m ;  ( 3 )  3 c m .  

Wid th  o f  t h e  S h i e l d ,  c m  

F i g .  2 .  S u r v i v a l  R a t e  o f  t h e  
I r r a d i a t e d  R a t s  V e r s u s  t h e  
Width  o f  t h e  S h i e l d  f o r  V a r i o u s  
Doses  o f  G a m m a  R a d i a t i o n :  ( 1 )  
1 0 0 0  r ;  ( 2 )  1 2 0 0  r ;  ( 3 )  1 5 0 0  r ;  
( 4 )  1 6 5 0  r'. The T h i c k n e s s  o f  
t h e  S h i e l d  i s  1 5  c m .  



-- 

same w i d t h .  The e x a m i n a t i o n s  were c o n d u c t e d  w i t h  b l o c k s  3 ,  5 ,  10, 
a n d  1 5  c m  t h i c k ,  w i d t h s  of  1 a n d  2 c m ,  a n d  a n  i r r a d i a t i o n  d o s e  of 
1 0 0 0  r, as w e l l  as  w i t h  b l o c k s  5 ,  1 0 ,  a n d  1 5  c m  t h i c k ,  2 c m  w i d e ,  
a n d  a d o s e  o f  1 5 0 0  r ( T a b l e  2 ,  F i g .  3 ) .  

For a d o s e  o f  r a d i a t i o n  of 1 0 0 0  r ,  t h e  s h i e l d i n g  o f  t h e  abdomen 
by a b l o c k  1 c m  w i d e  a n d  3 c m  t h i c k ,  a l t h o u g h  i t  l e d  t o  a s m a l l  
i n c r e a s e  i n  t h e  s u r v i v a l  r a t e  o f  t h e  r a t s ,  n e v e r t h e l e s s  showed a 
s t a t i s t i c a l l y  u n r e l i a b l e  i n c r e a s e ,  i n  c o m p a r i s o n  w i t h  t h e  c o n t r o l  
f o r  i r r a d i a t i o n .  An i n c r e a s e  i n  t h e  t h i c k n e s s  o f  t h e  s h i e l d  up t o  
5 a n d  1 0  c m  i n c r e a s e d  t h e  s u r v i v a l  r a t e  o f  t h e  r a t s  up t o  a r e l i a b l e  
l e v e l ,  i n  c o m p a r i s o n  w i t h  t h e  c o n t r o l  g r o u p  ( 2 1 - 2 9 %  d e a t h s ,  3 . 2 %  
i n  t h e  c o n t r o l ) .  O n l y  f o r  a t h i c k n e s s  o f  1 5  c m  w a s  t h e r e  a h i g h  
( a b o u t  9 0 % )  s u r v i v a l  r a t e  o f  t h e  r a t s  w h i c h  w e r e  i r r a d i a t e d  by a 
d o s e  o f  1 0 0 0  r .  

T A B L E  2 .  C H A N G E  I N  T H E  SURVIVAL R A T E  OF I R R A D I A T E D  R A T S  W I T H  
SHIELDING OF T H E  A N T E R I O R  R E G I O N  OF THE A B D O M E N  B Y  P R O T E C T I V E  B L O C K S  

OF V A R Y I N G  THICKNESSFS 
D i m .  o f  the No. of R a t s  1 S u r v i v a l R a t e  Average L i f e  tire 

Dose Of S h i e l d ,  c m  inDays,  f o r  t h eIrradiaticm 72;-1 SIP- % rl- iff. i n  Rats which Died ,r Width Thick- viwd 
n e s s  e Corr&o M r l - m  

W i t h o u t  
95 3 

'r; 1 1 
S h i e l d  3.2fb8 704f0.3 

3 24 2 8.3*5*8 9o3f1e3 
io00 4 5 24 5 20.8f8.3 p <0.05 11.3f1.2 

10 24 7 29.2f9.3 P C 0.01 10.6fi.O 
15 42 38 90'5f4.5 p <0.001 17.8&1.8 

3 48 7 14.6f5.i p <0.05 12,9k0,9 
5 42 37 88.1f5.0 p <0.001 14.0f2.1 

2 10 42 39 92.9f4,O p <0,001 17*7(3)
15 30 25 f%kW48 P<O,OOi 1 18,2f4,3 

1500 5 24 2 8.3f5.6 8.5f  1 .O 
10 18 9 50.0& 11.8 10.6f1.8 

17 I4 I 82*4f9,2 16.3 (3) 

With  t h e  same d o s e  o f  i r r a d i a t i o n ,  b u t  w i t h  a s h i e l d - w i d t h  
i n c r e a s e d  by a f a c t o r  o f  2 ,  a l l  t h e  e x p e r i m e n t a l  v a r i a t i o n s  o f  
t h i c k n e s s e s  f o r  t h e  p r o t e c t i o n  r e s u l t e d  i n  a r e l i a b l e  ( i n  c o m p a r i - 	 / 4 5 J-s o n  w i t h  t h e  c o n t r o l  f o r  i r r a d i a t i o n )  i n c r e a s e  i n  t h e  s u r v i v a l  r a t e  
o f  t h e  a n i m a l s .  I t  i s  t r u e  t h a t ,  f o r  a s h i e l d - t h i c k n e s s  o f  3 cm, 
t h e  p e r c e n t a g e  o f  s u r v i v a l s  w a s  s t i l l  s m a l l  ( 1 4 . 5 % ) ,  b u t  e v e n  f o r  
a t h i c k n e s s  o f  5 c m ,  t h e  s u r v i v a l  r a t e  r e a c h e d  a v e r y  h i g h  l e v e l .  
A f u r t h e r  i n c r e a s e  i n  t h e  t h i c k n e s s  o f  t h e  p r o t e c t i o n  t o  1 0  a n d  1 5  
cm h a d  no  s u b s t a n t i a l  e f f e c t  on t h e  s u r v i v a l  r a t e .  C e r t a i n  n u m e r i 
c a l  d i f f e r e n c e s  i n  t h e  p e r c e n t a g e  o f  s u r v i v a l s  f o r  b l o c k  t h i c k n e s s e s  
o f  5 ,  1 0 ,  a n d  1 5  cm a r e  s t a t i s t i c a l l y  u n r e l i a b l e .  

A s  we h a v e  a l r e a d y  shown ,  f o r  a d o s e  o f  i r r a d i a t i o n  o f  1 5 0 0  r, 
s h i e l d i n g  o f  t h e  abdomen by b l o c k s  w i t h  a w i d t h  o f  1 cm, e v e n  a t  
t h e  maximum t h i c k n e s s  w e , e x a m i n e d  ( 1 5  c m ) ,  g a v e  a n o t - t o o - c o n v i n c i n g  
r e s u l t  - t h e  s u r v i v a l  r a t e  o f  t h e  r a t s  w a s  a b o u t  11%i n  a l l .  T h e r e 
f o r e ,  t h e  s t u d y  o f  t h e  e f f e c t  o f  t h e  t h i c k n e s s  o f  t h e  p r o t e c t i o n  on 
t h e  s u r v i v a l  r a t e  o f  t h e  r a t s  d u r i n g  i r r a d i a t i o n  by a d o s e  o f  1 5 0 0  
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r w a s  c o n d u c t e d  o n l y  f o r  a s h i e l d  w i d t h  o f  2 c m .  F o r  a s h i e l d  

t h i c k n e s s  of 5 c m ,  t h e  s u r v i v a l  r a t e  w a s  v e r y  l o w  ( 8 % ) ;  e v e n  for a / 4 5 5  

t h i c k n e s s  of 1 0  c m ,  i t  w a s  5 0 %  a n d  for a t h i c k n e s s  of 1 5  c m ,  i t  

r e a c h e d  a v e r y  h i g h  l e v e l ,  a l m o s t  8 2 . 5 % .  I n  o t h e r  w o r d s ,  t h e  s h i e l d i n g  


A 

T h i c k n e s s  o f  t h e  S h i e l d  , c m  

F i g .  3 .  S u r v i v a l  R a t e  o f  I r r a d i a t e d  K a t s  V e r s u s  T h i c k n e s s  o f  t h e  
S h i e l d  (Remanen t  Dose b e y o n d  t h e  S h i e l d )  for V a r i o u s  V a l u e s  o f  
S h i e l d - W i d t h  a n d  t h e  Dose o f  y - R a d i a t i o n ,  ( 1 )  Wid th  o f  1 c m ,  Dose 
of  1000 r ;  ( 2 )  Width  o f  2 c m ,  Dose o f  1 0 0 0  r ;  ( 3 )  Wid th  o f  2 c m ,  

Dose of 1 5 0 0  r ;  ( 4 )  Remanent  Dose Beyond t h e  S h i e l d .  

o f  t h e  abdomen by  a b l o c k  w i t h  a w i d t h  of 2 c m  a n d  a t h i c k n e s s  o f  
1 5  c m  d u r i n g  g e n e r a l  y - i r r a d i a t i o n  by a d o s e  o f  1 5 0 0  r g u a r a n t e e d  
p r a c t i c a l l y  t h e  same s u r v i v a l  r a t e  a s  f o r  a d o s e  o f  1 0 0 0  r, f o r  a 
s h i e l d  of t h e  same w i d t h  a n d  t h i c k n e s s  f r o m  5 t o  1 5  c m .  

I t  i s  w e l l  known t h a t  t h e  t h i c k n e s s  o f  a s h i e l d  d e t e r m i n e s  t h e  
d e g r e e  o f  t h e  w e a k e n i n g  o f  t h e  r a d i a t i o n  d o s e  by  t h e  p r o t e c t i v e  
m a t e r i a l s ,  a n d  t h u s  a l s o  d e t e r m i n e s  t h e  v a l u e  f o r  t h e  s o - c a l l e d  
r e m a n e n t  d o s e ,  w h i c h  r e a c h e s  t h e  s h i e l d e d  t i s s u e  a n d  c a u s e s  i t s  
i r r a d i a t i o n .  

For a q u a n t i t a t i v e  e v a l u a t i o n  o f  t h e  r a d i a t i o n  d o s e  f o r  t h o s e  
p a r t s  o f  t h e  body  b e y o n d  t h e  s h i e l d ,  w e  m e a s u r e d  t h e  r e m a n e n t  d o s e  
r a t e  a f t e r  t h e  f l u x  o f  y - r a y s  p a s s e d  t h r o u g h  a s t e e l  s h i e l d  w i t h  
d i m e n s i o n s  o f  2 x 40 c m ,  a n d  a t h i c k n e s s  f r o m  1 t o  1 5  c m .  Wi th  
s u c h  a " n a r r o w "  g e o m e t r y  f o r  t h e  p r o t e c t i o n ,  t h e  s u p p l e m e n t a r y  
c o n t r i b u t i o n  t o  t h e  d o s e  o f  i r r a d i a t i o n  o f  t h e  a n i m a l  w a s  c a u s e d  
m a i n l y  b y  t h e  d i f f u s i o n  o f  t h e  y - r a d i a t i o n  i n  t h e  l a y e r  of a i r  
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b e t w e e n  t h e  i r r a d i a t o r  a n d  t h e  i r r a d i a t e d  o b j e c t .  The u s e  o f  s h i e l d s  
w i t h  l a r g e  w i d t h s  l e a d s  t o  a n  i n c r e a s e  i n  t h e  number  o f  e l e m e n t s  
w i t h  l a r g e  a t o m i c  n u m b e r s  b e t w e e n  t h e  s o u r c e  a n d  t h e  i r r a d i a t e d  
o b j e c t ,  a n d  t h i s  t h e n  i n c r e a s e s  t h e  r e l a t i v e  c o n t r i b u t i o n  t o  t h e  
r a d i a t i o n  d o s e  b e c a u s e  o f  t h e  d i f f u s i o n  o f  t h e  gamma r a y s  i n  t h e  
p r o t e c t i v e  m a t e r i a l s .  I n  r e l a t i o n  t o  t h i s ,  w e  made m e a s u r e m e n t s  
for t h e  d o s e  b e y o n d  a s h i e l d  w i t h  d i m e n s i o n s  o f  1 0  x 40 c m ,  a n d  
w i t h  a t h i c k n e s s  f r o m  1 t o  5 c m  ( " w i d e "  g e o m e t r y  f o r  p r o t e c t i o n )  
( T a b l e  3 ) .  

The d o s i m e t r y  o f  t h e  gamma r a d i a t i o n  w a s  made by  g e n e r a l l y  
a c c e p t e d  m e t h o d s ,  w i t h  t h e  a i d  o f  c a p a c i t o r  d i r e c t - i n d i c a t i n g  d o s i m 
e t e r s  (Type  DKP-50).  

T A B L E  3 .  V A L U E  F O R  T H E  REMANENT DOSE B E Y O N D  S T E E L  SHIELDS OF VARIOUS 
THICKNESSES , F O R  "NARROW" A N D  "WIDE" GEOMETRY OF P R O T E C T I O N  

-

Thickness No. o f  "Narrow P r o t e c t i o n "  I "Widdl P r o t e c t i o n  
of S h i e l d  Measure- Dose R a t e ,  Remanent Dos 

c m  m e n t s  X R a t e ,r / m i n  , % r / m i n  , D o s e ,  R a t e  
M + m  

.-

I 
0 10 i3,7&0,2 100 13-6 z t  0.27 100 
1 
2 

10 
10 

10*2fO,18 
7,6f0,12 

74,5 
55,5 

11,8*O, 24 
9,0*0,15 

86-8 
66.3 

3 10 5.5 f0.13 40.0 7*1f0.14 52.3 
4 10 3,9*0.09 28.4 5,37*0,12 39,4 
5 19 3,1f0,06 22,9 4.0*0,1- 29.4-10 

15 
6 

12 
1.1 f0.07 

0.48 *O, 06 
891 
3*5 

T A B L E  4 .  R E M A N E N T  DOSE B E Y O N D  T H E  SHIELD, A N D  SURVIVAL R A T E  OF THE / 4 5 6  
I R R A D I A T E D  R A T S ,  W I T H  S H I E L D I N G  O F  T H E  A N T E R I O R  R E G I O N  O F  T H E  ABDOMEN-

S u r v i v a l  Remanent  D e Beyond 
R a t e ,  t h e  S h i e l d  

% + m  


8.33~5~6 
20,8*8,3 

40.0 
22.9 

400,o 
230.0 

29,2*9,3 84 1 80,O 
90.5 f4.5 3.5 35.0 
14.6f5,i' 40,O 400.0 
88.1 f5,O 22.9 230,0 
92.9rt4.0 8.1 80,O 
83.3 f6,8 3.5 35,O 

8,3*5,6 350.0 
50,Of 11.8 120.0 
82'4 f9.2 50,0-55,0 
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As w e  c a n  see  f r o m  T a b l e  3 ,  a n  i n c r e a s e  i n  t h e  t h i c k n e s s  o f  t h e  
s h i e l d  p r o d u c e s  a r e g u l a r  d e c r e a s e  o f  t h e  r e m a n e n t  d o s e ,  w h i l e  i n  
t h e  c a s e  o f  a "wide"  g e o m e t r y  f o r  p r o t e c t i o n ,  t h e  v a l u e  o f  t h e  d o s e  
w a s  1 0 %  h i g h e r  on  t h e  a v e r a g e  u n d e r  o u r  c o n d i t i o n s  f o r  i r r a d i a t i o n  
t h a n  i n  t h e  ca se  o f  a " n a r r o w "  g e o m e t r y  f o r  t h e  same t h i c k n e s s .  

A c o m p a r i s o n  o f  t h e  r e s u l t s  of  t h e  b i o l o g i c a l  e x p e r i m e n t s  
s t u d y i n g  t h e  e f f e c t  o f  s h i e l d i n g  t h e  abdomen w i t h  b l o c k s  o f  v a r i o u s  
t h i c k n e s s e s  on  t h e  s u r v i v a l  r a t e  o f  t h e  i r r a d i a t e d  r a t s  a n d  t h e  
d a t a  on t h e  p h y s i c a l  m e a s u r e m e n t s  o f  t h e  r e m a n e n t  d o s e  b e y o n d  t h e  
same b l o c k s  i s  o f  d e f i n i t e  i n t e r e s t .  T h i s  c o m p a r i s o n  a l l o w s  c e r t a i n  
p r e l i m i n a r y  c o n c l u s i o n s  t o  b e  d r a w n .  

For t h e  p r i n c i p a l  s h i e l d  w i d t h  w h i c h  w e  s e l e c t e d  ( 2  c m ) ,  t h e r e  
i s  a n  i n c r e a s e  i n  t h e  s u r v i v a l  r a t e s  o f  t h e  a n i m a l s  ( b y  n o  l e s s  t h a n  
5 0 % )  f o r  t h e  r a n g e  o f  d o s e s  f r o m  1 0 0 0  t o  1 5 0 0  r ,  n o t  o n l y  i n  t h o s e  
c a s e s  when t h e  p r o t e c t i v e  s h i e l d  a b s o r b s  a l m o s t  a l l  t h e  f l u x  o f  
y - r a y s  ( a s  o b s e r v e d  f o r  a t h i c k n e s s  o f  p r o t e c t i o n  o f  1 5  c m ) ,  b u t  
a l s o  when t h e  s h i e l d e d  p a r t s  o f  t h e  body  r e c e i v e  r e l a t i v e l y  l a r g e .  
d o s e s  o f  r a d i a t i o n :  up  t o  100-120  r f o r  a d o s e  o f  1 5 0 0  r ( s h i e l d  
t h i c k n e s s  o f  1 0  c m ) ,  a n d  up  t o  230-250 r f o r  a d o s e  o f  1 0 0 0  r 
( t h i c k n e s s  o f  5 c m )  ( T a b l e  4 ) .  

The v a r y i n g  v a l u e  f o r  t h e  maximum d o s e s  o f  r a d i a t i o n  t o  t h e  
s h i e l d e d  p a r t s  o f  t h e  t i s s u e s  ( a p p r o x i m a t e l y  1 2 0  t o  250 r ) ,  a t  
w h i c h  t h e s e  t i s s u e s  s t i l l  p r e s e r v e  t h e i r  a b i l i t y  t o  show a p r o t e c 
t i v e  e f f e c t ,  c a n  b e  e x p l a i n e d  by t h e  d i f f e r e n c e  i n  t h e  v a l u e  o f  t h e  
r a d i a t i o n  d o s e  a n d  t h e r e f o r e  by  t h e  d e g r e e  o f  s e v e r i t y  o f  t h e  damage / 4 5 7  
t o  t h e  n o n - p r o t e c t e d  t i s s u e s  a n d  o r g a n s ,  w h i c h  make up  a b o u t  9 0 %  o f  
t h e  mass  o f  a m o u s e ' s  b o d y .  

I t  i s  w e l l  known t h a t  f o r  m i c e ,  t h e  g r e a t e s t  p r o t e c t i v e  e f f e c t  
i s  n o t e d  d u r i n g  s h i e l d i n g  o f  t h e  s p l e e n ;  f o r  r a t s ,  t h i s  i s  o b s e r v e d  
d u r i n g  s h i e l d i n g  o f  p a r t s  o f  t h e  b o n e  marrow a n d  t h e  s m a l l  i n t e s t i n e .  
I t  h a s  b e e n  shown [ 1 7 ,  1 8 1  t h a t  for a g e n e r a l  X-ray  i r r a d i a t i o n  o f  
mice  i n  a d o s e  o f  1 0 2 5  r ,  t h e  s u r v i v a l  r a t e  i n  t h e  c o n t r o l  g r o u p s  
a v e r a g e d  a b o u t  1%, w h i l e  i n  t h e  g r o u p s  w h e r e  t h e  s p l e e n  w a s  com
p l e t e l y  p r o t e c t e d ,  77% o f  t h e  m i c e  s u r v i v e d .  I n  some g r o u p s  o f  
m i c e ,  a p r o t e c t i o n  o f  t h e  s p l e e n  by  l e a d  w a s  t e m p o r a r i l y  e l i m i n a t e d ,  
s o  t h a t  t h e  s p l e e n  w a s  s u b j e c t e d  t o  i r r a d i a t i o n  i n  d o s e s  f r o m  5 0 
60G r ,  w h i l e  t h e  e n t i r e  b o d y  w a s  s u b j e c t e d  t o  i r r a d i a t i o n  a t  a d o s e  
o f  1 0 2 5  r .  I t  w a s  e s t a b l i s h e d  t h a t  f o r  a d o s e  o f  i r r a d i a t i o n  o f  
t h e  s p l e e n  o f  2 0 0  r ,  75% o f  t h e  m i c e  s u r v i v e d ,  w h i l e  f o r  d o s e s  o f  
4 0 0 ,  5 0 0 ,  a n d  6 0 0  r ,  5 9 ,  5 0  a n d  34% o f  t h e  m i c e  s u r v i v e d .  The 
a u t h o r s  c o n s i d e r  t h a t  t h e  a b i l i t y  o f  t h e  s p l e e n  t i s s u e  t o  show a 
p r o t e c t i v e  e f f e c t  i s  s t i l l  p a r t i a l l y  p r e s e r v e d ,  or i s  r a p i d l y  
r e c o v e r e d ,  s o  t h a t  t h e  s u r v i v a l  r a t e  o f  t h e  m i c e  i s  i n c r e a s e d  e v e n  
a t  s u c h  h i g h  d o s e s  o f  i r r a d i a t i o n  a s  6 0 0  r f o r  t h e  s p l e e n  and  1 0 2 5  
r o v e r  t h e  e n t i r e  b o d y  o f  t h e  a n i m a l .  

T u r n i n g  a g a i n  t o  t h e  d a t a  w h i c h  a r e  l i s t e d  i n  T a b l e  4 ,  w e  s e e  
t h a t  t h e y  s t i l l  a r e  a c o n v i n c i n g  i n d i c a t i o n  o f  t h e  s i g n i f i c a n c e  o f  
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t h e  v a l u e  o f  t h e  mass of t h e  a n i m a l  t i s s u e  w h i c h  i s  s h i e l d e d  d u r i n g  
t h e  i r r a d i a t i o n  i n  f i n d i n g  a d e f i n i t e  p r o t e c t i v e  e f f e c t .  Wi th  i r
r a d i a t i o n  of t h e  r a t s  by  a d o s e  o f  1 0 0 0  r w h i l e  s h i e l d i n g  t h e  a b d o 
men by  a b l o c k  w i t h  a w i d t h  of 1 cm, when t h e  mass o f  s h i e l d e d  

F i g .  4 .  D e a t h - L i n e s  f o r  t h e  
F a t a l i t y  R a t e  o f  R a t s  �or 
V a r i o u s  Doses  o f  y - I r r a d i a t i o n .  
(1) C o n t r o l ,  for I r r a d i a t i o n ;  
( 2 )  S h i e l d i n g  t h e  Abdomen w i t h  
B l o c k s  2 cm Wide a n d  1 5  cm 
T h i c k .  

t i s s u e  i s  d e c r e a s e d  by  a f a c t o r  
o f  2 i n  c o m p a r i s o n  w i t h  t h e  mass 
p r o t e c t e d  b y  a b l o c k  w i t h  a 
w i d t h  o f  2 c m ,  t h e  maximum v a l u e  
f o r  t h e  r a d i a t i o n  d o s e  o f  t h e  
p r o t e c t e d  t i s s u e s  a t  w h i c h  t h e r e  
i s  o b s e r v e d  a h i g h  s u r v i v a l  r a t e  
of  t h e  i r r a d i a t e d  r a t s  i s  o n l y  
s e v e r a l  t e n s  o f  r o e n t g e n s .  I n  
a n y  c a s e ,  for a r a d i a t i o n  d o s e  
f o r  t h e  p r o t e c t e d  t i s s u e s  e q u a l  
t o  80 r a n d  m o r e ,  t h e  s u r v i v a l  
r a t e  o f  t h e  a n i m a l s  d u r i n g  
s h i e l d i n g  by  a b l o c k  o f  t h i s  
w i d t h  d o e s  n o t  e x c e e d  2 0 - 3 0 % ,  
w h i l e  t h e  s u r v i v a l  r a t e  i n  t h e  
c o n t r o l  g r o u p  i s  a b o u t  3 % .  A t  
t h e  s a m e  t i m e ,  as  we a l r e a d y  
s a w ,  d u r i n g  s h i e l d i n g  o f  t h e  
a b d o m i n a l  o r g a n s  w i t h  a b l o c k  
of 2 c m  i n  w i d t h ,  up t o  5 0 %  of 
t h e  i r r a d i a t e d  r a t s  s u r v i v e d ,  
e v e n  w i t h  a n  i n c r e a s e  of t h e  
d o s e  o f  g e n e r a l  i r r a d i a t i o n  by 
1 . 5  t i m e s  ( u p  t o  1 5 0 0  r ) ,  i n  
t h o s e  c a s e s  when t h e  d o s e  b e y o n d  
t h e  s h i e l d  r e a c h e d  1 2 0  r .  

T h u s ,  a r e l i a b l e  i n c r e a s e  
i n  t h e  s u r v i v a l  r a t e  o f  t h e  
i r r a d i a t e d  a n i m a l s ,  l i n k e d  w i t h  
a n  i n c r e a s e  i n  t h e i r  r a d i a t i o n  
r e s i s t a n c e ,  i s  o b s e r v e d  d u r i n g  
s h i e l d i n g  o f  p a r t s  o f  t h e  a b 

d o m i n a l  c a v i t y ,  n o t  o n l y  u n d e r  t h e  c o n d i t i o n s  of a c o m p l e t e  p r o t e c  

t i o n  o f  t h e  o r g a n s  a n d  t i s s u e s  o f  t h e s e  p a r t s  o f  t h e  abdomen f r o m  

t h e  d i r e c t  e f f e c t  o f  i o n i z i n g  r a d i a t i o n ,  b u t  a l s o  i n  t h o s e  c a s e s  

when t h e  s h i e l d e d  o r g a n s  a n d  t i s s u e s  s t i l l  u n d e r g o  t h e  d i r e c t  e f  

f e c t  o f  r a d i a t i o n  i n  d o s e s  w h i c h  e x c e e d  a c e r t a i n  v a l u e ,  d i f f e r i n g  

f o r  d i f f e r e n t  d o s e s  o f  g e n e r a l  i r r a d i a t i o n .  F o r  e x a m p l e ,  for a 

d o s e  o f  g e n e r a l  y - r a d i a t i o n  for r a t s  e q u a l  t o  1 0 0 0  r ,  t h e  h i g h  

p r o t e c t i v e  e f f e c t  of s h i e l d i n g  t h e  abdomen ( a c c o r d i n g  t o  t h e  s u r v i v a l  

r a t e  for 30 d a y s )  i s  p r e s e r v e d  e v e n  i n  t h a t  c a s e  when t h e  d o s e  for / 4 5 8  

for i r r a d i a t i n g  t h e  s h i e l d e d  s e c t i o n s  o f  t h e  a b d o m i n a l  c a v i t y  i s  

a b o u t  2 5 %  o f  t h e  d o s e  f o r  g e n e r a l  i r r a d i a t i o n .  


The e x p e r i m e n t s  w h i c h  we c o n d u c t e d  a g a i n  showed t h a t  s h i e l d i n g  
p a r t s  o f  t h e  body  d u r i n g  g e n e r a l  i r r a d i a t i o n  o f  a n i m a l s  c a n  b e  u s e d  
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a s  a me thod  f o r  i n c r e a s i n g  t h e i r  r a d i a t i o n  r e s i s t a n c e .  F o r  l e t h a l  
d o s e s  o f  r a d i a t i o n ,  t h e  s h i e l d i n g  o f  c e r t a i n  p a r t s  of t h e  b o d y ,  i n  
p a r t i c u l a r  t h e  a n t e r i o r  r e g i o n  o f  t h e  abdomen i n  r a t s ,  w i t h  d e f i n i t e  
m e a s u r e m e n t s  f o r  t h e  w i d t h  a n d  t h i c k n e s s  o f  t h e  p r o t e c t i v e  s h i e l d ,  
l e a d s  p r i m a r i l y  t o  a s u b s t a n t i a l  i n c r e a s e  i n  t h e  s u r v i v a l  r a t e  o f  
t h e  a n i m a l s .  

A q u e s t i o n  c o u l d  a r i s e :  d o e s  t h e  s h i ’ e l d i n g  me thod  h a v e  a n y  
a d v a n t . a g e s  o v e r  o t h e r  m e t h o d s  f o r  i n c r e a s i n g  t h e  r a d i a t i o n  r e s i s t a n c e  
o f  a n i m a l s ,  p a r t i c u l a r l y  i n  c o m p a r i s o n  w i t h  t h e  me thod  o f  p h a r m a c o 
c h e m i c a l  p r o t e c t i o n ?  I n  o u r  o p i n i o n ,  b o t h  m e t h o d s  h a v e  t h e i r  a d 
v a n t a g e s  a n d  d i s a d v a n t a g e s ,  a d e t a i l e d  e x a m i n a t i o n  o f  w h i c h  i s  n o t  
i n c l u d e d  i n  t h e  s c o p e  o f  t h i s  s t u d y .  

N e v e r t h e l e s s ,  we w o u l d  l i k e  
v a r i o u s  p a r t s  o f  t h e  body  d u r i n g  
e n s u r e s  a c h i e v i n g  a h i g h  s u r v i v a l  
t h a n  e v e n  f o r  t h e  m o s t  e f f e c t i v e  
t h e  r e s u l t s  o f  o u r  e x p e r i m e n t s  by  

t o  e m p h a s i z e  t h a t  t h e  s h i e l d i n g  of  / 4 5 9  
g e n e r a l  i r r a d i a t i o n  o f  a n i m a l s  

r a t e  f o r  a w i d e r  r a n g e  o f  d o s e s  
r a d i a t i o n  p r o t e c t o r s .  I n  a n a l y z i n g  

t h e  d e a t h  me thod  ( F i g .  4 ) ,  f o r  a 
g e n e r z l  y - i r r a d i a t i o n  o f  r a t s ,  LD50/30 = 7 2 5  r, a n d  f o r  r a t s  whose  
a n t e r i o r  r e g i o n  of t h e  abdomen i s  s h i e l d e d  ( b y  a b l o c k  w i t h  a w i d t h  
o f  2 cm a n d  a t h i c k n e s s  o f  1 5  c m ) ,  LD50/30 = 1 7 3 0  r .  T h u s ,  t h e  
s h i f t  i n  t h e  LD50/30 i n  t h i s  c a s e  w a s  a b o u t  1 0 0 0  r, w h i l e  t h e  f a c t o r  
f o r  t h e  d e c r e a s e  o f  t h e  d o s e  w a s  a b o u t  2 . 4 .  A t  t h e  same t i m e ,  t h e  
f a c t o r  f o r  t h e  d e c r e a s e  o f  t h e  d o s e  i s  r o u g h l y  e q u a l  t o  1 . 5 - 1 . 7  

~~ 

f o r  mos t  e f f e c t i v e  r a d i a t i o n  p r o t e c t o r s ,  a n d  s o m e t i m e s  i t  i s  l e s s .  
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C R I T E R I A  FOR R A D I A T I O N  SAFETY DURING PROLONGED SPACE F L I G H T S  
Yu.G. G r i g o r ’ y e v ,  Ye.Ye. K o v a l e v ,  A . V .  L e b e d i n s k i y ,  

Yu.G. N e f e d o v ,  V . G .  V y s o t s k i y ,  N . I .  Ryzhov,  B . A .  M a r k e l o v ,  
L.N. S m i r e n n y y ,  V.Ye. D u b k i n ,  and N.N.  D e r b e n e v a  

ABSTRACT: The c r i t e r i a  for d e t e r m i n i n g  t h e  r a d i 
a t i o n  danger of space  f t i g h t s  a r e  examined in 
t h e  a r t i c t e .  I t  was shown t h a t  t h e  s e t e c t i o n  of 
t h e  c r i t e r i a  shouZd be based  on a c o n s i d e r a t i o n  
o f  t h e  s p e c t r a 2  c o m p o s i t i o n  and t h e  t y p e  of cos
mic r a d i a t i o n ,  a s  weZl as  t h e  degree  of un i form
i t y  for t h e  d i s t r i b u t i o n  of t h e  absorbed  dose .  
I n  pZanning p r o t e c t i o n  from cosmic r a d i a t i o n ,  
i t  is recommended t h a t  spec iaZ  Zy-anatyzed  norms 
for t h e  p o s s i b i Z i t y  of i r r a d i a t i n g  t h e  a s t r o 
n a u t s  d u r i n g  t h e  f Z i g h t  be u s e d .  

The a d v a n c e s  i n  t h e  c o n q u e s t  o f  s p a c e  h s v e  made t h e  h o p e  o f  / 4 6 0  
p r o l o n g e d  t r i p s  i n  manned s p a c e  f l i g h t s  v e r y  f e a s i b l e .  I n  r e l a t i o n  
t o  t h e  f a c t  t h a t  d u r i n g  p r o l o n g e d  s p a c e  f l i g h t s  t h e  d o s e s  o f  i o n i z 
i n g  r a d i a t i o n  on humans a n d  e l e m e n t s  o f  t h e  b i o l o g i c a l  c o m p l e x  b e 
come d a n g e r o u s ,  t h e  p r o b l e m  o f  p r o t e c t i o n  f r o m  c o s m i c  r a d i a t i o n  
a c q u i r e s  i m p o r t a n c e .  

I n  w o r k i n g  w i t h  s o u r c e s  o f  i o n i z i n g  r a d i a t i o n  u n d e r  t e r r e s t r i a l  
c o n d i t i o n s ,  t h e  s o l u t i o n  t o  t h e  p r o b l e m  of p r o t e c t i o n  w a s  b a s e d  on 
a l a r g e  number  o f  r a d i o b i o l o g i c a l  a n d  p h y s i c a l  e x a m i n a t i o n s .  N a t u 
r a l l y  , s i m i l a r  e x a m i n a t i o n s  a r e  a l s o  n e c e s s a r y  f o r  g u a r a n t e e i n g  
r a d i a t i o n  s a f e t y  d u r i n g  s p a c e  f l i g h t s .  The m o s t  i m p o r t a n t  t a s k s  
o f  t h e s e  e x a m i n a t i o n s  i n c l u d e  a n a l y z i n g  t h e  p r i n c i p l e s  f o r  g u a r a n 
t e e i n g  r a d i a t i o n  s a f e t y  a n d  e s t a b l i s h i n g  t h e  c r i t e r i a  w h i c h  d e t e r 
mine  t h e  s e c u r i t y  o f  s p a c e  f l i g h t s .  

P R I N C I P L E S  FOR G U A R A N T E E I N G  R A D I A T I O N  SAFETY D U R I N G  
SPACE FLIGHTS 

On t h e  b a s i s  o f  e x p e r i m e n t s  w i t h  a t o m i c  e l e c t r i c  power  s t a t i o n s  
a n d  t h e  a t o m i c  i c e - b r e a k e r  “ L e n i n ” ,  w e  c a n  s t a t e  t h a t  f o r  a r e l i 
a b l e  g u a r a n t e e  o f  r a d i a t i o n  s a f e t y  �or t h e  c r e w ,  i t  i s  n e c e s s a r y  t o  
p l a n  a s p e c i a l  s y s t e m  f o r  r a d i a t i o n  s a f e t y .  T h i s  s y s t e m  i s  a com
b i n a t i o n  o f  p h y s i c a l ,  t e c h n i c a l ,  m e d i c a l  a n d  h y g i e n i c  means  a n d  
m e t h o d s  i n t e n d e d  f o r  p r o v i d i n g  s a f e  c o n d i t i o n s  f o r  t h e  o c c u p a t i o n a l  
a c t i v i t y  of  t h e  c r e w .  The s y s t e m  o f  r a d i a t i o n  s a f e t y  i n c l u d e s  t h e  
f o l l o w i n g :  p r o t e c t i o n  f r o m  p e n e t r a t i n g  r a d i a t i o n ,  a s y s t e m  o f  dos
i m e t r i c  c o n t r o l ,  m e d i c a l  a n d  h y g i e n i c  m e t h o d s  i n c l u d i n g  means  f o r  
p h a r m a c o c h e m i c a l  p r o t e c t i o n  , e t c .  

The n e c e s s i t y  o f  p r o d u c i n g  a s y s t e m  o f  r a d i a t i o n  s a f e t y  i s  
m a i n t a i n e d  w i t h o u t  e x c e p t i o n  u n d e r  t h e  c o n d i t i o n s  o f  a swace f l i g h t .  
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Because o f  t h e  r i g i d  w e i g h t  a n d  b u l k  r e q u i r e m e n t s  now i m p o s e d  on 
t h e  h a b i t a b l e  c o m p a r t m e n t s  o f  s p a c e c r a f t ,  i t  i s  o f  p r a c t i c a l  n e c e s 
s i t y  t o  p r o d u c e  a g e n e r a l  p r o t e c t i o n  f r o m  r a d i a t i o n  w h i c h  g u a r a n 
t e e s  a d e c r e a s e  i n  t h e  r a d i a t i o n  e f f e c t s  down t o  t h e  l e v e l  o f  t h e  
maximum p e r m i s s i b l e  d o s e s  o f  o c c u p a t i o n a l  e x p o s u r e  a c c e p t a b l e  u n d e r  
t e r r e s t r i a l  c o n d i t i o n s .  

I n  r e l a t i o n  t o  t h i s ,  t h e  s o l u t i o n  t o  t h e  p r o b l e m  o f  p r o t e c t i n g  / 4 6 1  
a n  a s t r o n a u t  a n d  t h e  l i f e - r e s e r v a t i o n  s y s t e m s  m u s t  o b v i o u s l y  b e  
f o u n d  i n  a c o m b i n e d  u s e  o f  g e n e r a l  p r o t e c t i o n  o f  t h e  h a b i t a b l e  com
p a r t m e n t s ,  r a d i a t i o n  s h e l t e r s ,  l o c a l  p r o t e c t i o n  o f  t h e  a s t r o n a u t s ,  
a n d  p h a r m a c o c h e m i c a l  p r o p h y l a c t i c  means .  

On b o a r d  t h e  c r a f t ,  t h e r e  s h o u l d  b e  a s y s t e m  o f  d o s i m e t r i c  c o n 
t r o l  w h i c h  i s  i n t e n d e d  f o r  d e t e r m i n i n g  t h e  r a d i a t i o n  e f f e c t s  on 
t h e  members o f  t h e  c r e w ,  a n d  b i o l o g i c a l  s y s t e m s  f o r  l i f e  p r e s e r v a 
t i o n ,  as w e l l  as f o r  s i g n a l i n g  a n d  i n f o r m i n g  t h e  c r e w  o f  a w o r s e n i n g  
o f  t h e  r a d i a t i o n  s i t u a t i o n .  The t a s k  o f  d o s i m e t r i c  c o n t r o l  on 
b o a r d  a s p a c e c r a f t  i s  r a t h e r  complex  f o r  a number  o f  r e a s o n s .  T h i s  
i s  m a i n l y  r e l a t e d  t o  t h e  n e c e s s i t y  o f  c o n s i d e r i n g  t h e  s p a t i a l  d i s 
t r i b u t i o n  o f  t h e  a b s o r b e d  d o s e  i n  t h e  body o f  t h e  a s t r o n a u t ,  a n d  
t h e  c o m p l e x  v a r i e t y  a n d  c o m p o s i t i o n  o f  t h e  r a d i a t i o n  a c t i n g  on 
t h e  s p a c e c r a f t .  

Under  t h e  c o n d i t i o n s  o f  s p a c e  f l i g h t ,  it i s  p o s s i b l e  t h a t  t h e r e  
c o u l d  b e  a n  u n f o r e s e e n  s i g n i f i c a n t  w o r s e n i n g  o f  t h e  r a d i a t i o n  s i t u 
a t i o n ,  f o r  e x a m p l e ,  d u r i n g  t h e  a p p e a r a n c e  o f  g i g a n t i c  c h r o m o s p h e r i c  
f l a r e s .  I n  r e l a t i o n  t o  t h e  d e f i n i t e  p r o b a b i l i t y  o f  s u c h  o c c u r r e n c e s ,  
t h e  s p a c e c r a f t  s h o u l d  b e  s u p p l i e d  w i t h  means  f o r  p h a r m a c o c h e m i c a l  
p r o t e c t i o n  a s  w e l l  as f o r  t h e r a p y  a f t e r  r a d i a t i o n  damage C41. 

I n  g u a r a n t e e i n g  r a d i a t i o n  s a f e t y  o f  s p a c e  f l i g h t s ,  g r e a t  s i g 
n i f i c a n c e  i s  g i v e n  t o  a t e r r e s t r i a l  s t a t i o n  f o r  r a d i a t i o n  s a f e t y ,  
t h e  p r i n c i p a l  t a s k  o f  w h i c h  i s  t o  g e n e r a l i z e  t h e  i n f o r m a t i o n  on t h e  
r a d i a t i o n  s i t u a t i o n  d u r i n g  t h e  p e r i o d  p r e c e d i n g  t h e  f l i g h t  a n d  d u r 
i n g  i t ,  t o  p r e d i c t  t h e  p o s s i b l e  r a d i a t i o n  e f f e c t  on t h e  b a s i s  o f  
t h e  i n f o r m a t i o n  t r a n s m i t t e d  f r o m  a s t a . t i o n  w h i c h  o b s e r v e s  t h e  s o l a r  
a c t i v i t y  ( a n d  t r a n s m i t t e d  f r o m  on b o a r d  t h e  c r a f t ) ,  a n d  t o  o b t a i n  
o p e r a t i v e  s o l u t i o n s  f . o r  g u a r a n t e e i n g  t h e  r a d i a t i o n  s a f e t y  o f  t h e  
a s t r o n a u t s .  

T h u s ,  t h e  s y s t e m  o f  r a d i a t i o n  s a f e t y  s h o u l d  c o n s i s t  o f  t h e  
f ' o l l o w i n g  b a s i c  e l e m e n t s :  

(1) R a d i a t i o n  p r o t e c t i o n  wh ich  i n c l u d e s  a g e n e r a l  p r o t e c t i o n  
o f  t h e  c o m p a r t m e n t s ,  a r a d i a t i o n  s h e l t e r ,  a n d  l o c a l  p r o t e c t i o n .  

( 2 )  A r a d i a t i o n  d o s i m e t e r  w h i c h  i n c l u d e s  an o n - b o a r d  d o s i m e t e r ,  
a s e p a r a t e  d o s e - r e g u l a t o r ,  s i g n a l  d e v i c e s ,  a n d  n o t i f i c a t i o n .  

( 3 )  M e d i c a l  a n d  h y g i e n i c  m e a n s ,  i n c l u d i n g  m e t h o d s  f o r  pha rma
c o c h e m i c a l  p r o p h y l a x i s  a n d  r a d i a t i o n - d a m a g e  t h e r a p e u t i c s .  
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( 4 )  A t e r r e s t r i a l  s t a t i o n  f o r  r a d i a t i o n  s a f e t y .  

PHYSICAL BASIS 	 FOR THE C R I T E R I A  OF R A D I A T I O N  SAFETY 
D U R I N G  SPACE FLIGHTS 

The s e l e c t i o n  o f  t h e  c r i t e r i a  f o r  r a d i a t i o n  s a f e t y  i s  t h e  p r i n 
c i p a l  p r o b l e m  i n  p l a n n i n g  p r o t e c t i o n  f r o m  c o s m i c  r a d i a t i o n .  I n  a 
number  o f  s t u d i e s  [ 2 2 ,  2 3 ,  2 6 1 ,  s u c h  a c r i t e r i o n  w a s  f o u n d  i n  t h e  
l o c a l  a b s o r b e d  d o s e ,  ? . e . ,  t h e  r a d i a t i o n  e n e r g y  a b s o r b e d  i n  1 g o f  / 4 6 2  
t i s s u e .  

T h i s  c r i t e r i o n  c a n n o t  b e  r e c o g n i z e d  as  t h e  c o r r e c t  o n e ,  f o r  
many r e a s o n s .  F i r s t  o f  a l l ,  d u r i n g  t h e  p r o c e s s ,  o f  t h e  i n t e r a c t i o n  
b e t w e e n  t h e  r a d i a t i o n  a n d  t h e  s u b s t a n c e  o f  t h e  b i o l o g i c a l  t i s s u e ,  
t h e r e  i s  a d e f i n i t e  s p a t i a l  d i s t r i b u t i o n  o f  t h e  a b s o r b e d  d o s e  w i t h 
i n  t h e  l i m i t s  o f  t h e  human b o d y .  The s p a t i a l  d i s t r i b u t i o n  d e p e n d s  
on  t h e  s p e c t r a l - a n g u l a r  d i s t r i b u t i o n  o f  t h e  r a d i a t i o n  s t r i k i n g  t h e  
b o d y ;  i n  r e l a t i o n  t o  t h i s ,  a c o r r e s p o n d e n c e  b e t w e e n  t h e  v a l u e  f o r  
t h e  l o c a l  a b s o r b e d  d o s e  a n d  t h e  d o s e  a b s o r b e d  i n  a gram o f  body  
t i s s u e  c a n  be f o u n d  o n l y  i n  c e r t a i n  p a r t i c u l a r  c a s e s .  S e c o n d l y ,  
a l t h o u g h  a l o c a l  a b s o r b e d  d o s e  c a n  r e p r e s e n t  t h e  r a d i a t i o n  e f f e c t  
on m i c r o s c o p i c  o b j e c t s ,  i t  c a n n o t  c h a r a c t e r i z e  t h e  e f f e c t  on l a r g e  
b i o l o g i c a l  o b j e c t s  i n  t h e  same way ,  b e c a u s e  o f  t h e  i n t e r - r e l a t i o n 
s h i p s  b e t w e e n  damaged o r g a n s  a n d  t i s s u e s ,  t h e i r  r e l a t i v e  r a d i a t i o n  
s e n s  i t  iv i  t y  , e t  c . 

I n  o u r  o p i n i o n ,  t h e  c r i t e r i o n  f o r  r a d i a t i o n  s a f e t y  s h o u l d  b e  
s e l e c t e d  by c o n s i d e r i n g  t h e  s p e c t r a l  c o m p o s i t i o n  a n d  t h e  t y p e  o f  
i n c i d e n t  r a d i a t i o n  a c t i n g  on t h e  human b o d y .  I f  t h e  p e n e t r a b i l i t y  
o f  t h e  r a d i a t i o n  i s  g r e a t ,  a n d  t h e r e  i s  a r e l a t i v e l y  s m a l l  d e c r e a s e  
i n  t h e  d o s e s  w i t h i n  t h e  l i m i t s  o f  t h e  human b o d y ,  t h e n  w e  c a n  u s e  
t h e  m i d - t i s s u l a r  a b s o r b e d  d o s e  as s u c h  a c r i t e r i o n .  I f  t h e  p e n e 
t r a b i l i t y  o f  t h e  r a d i a t i o n  i s  s u c h  t h a t  t h e  a b s o r b e d  d o s e s  d i f f e r  
g r e a t l y  a t  v a r i o u s  p o i n t s  i n  t h e  human b o d y ,  t h e n  t h e  v a l u e  o f  t h e  
m i d - t i s s u l a r  d o s e ,  a v e r a g e d  o v e r  t h e  e n t i r e  b o d y ,  d o e s  n o t  g i v e  a 
s u f f i c i e n t  r e p r e s e n t a t i o n  o f  t h e  d e g r e e  o f  r a d i a t i o n  d a n g e r ;  i n  t h i s  
c a s e ,  i t  i s  n e c e s s a r y  t o  u s e  t h e  d a t a  on t h e  s p a t i a l  d i s t r i b u t i o n  
o f  t h e  a b s o r b e d  d o s e  i n  t h e  b o d y .  

When t h e  c o s m i c  r a d i a t i o n s  p e n e t r a t e  t h e  p r o t e c t i v e  subs t ance  
a n d  t h e  t i s s u e s  , v a r i o u s  s e c o n d a r y  p a r t i c l e s  ( p r o t o n s ,  m e s o n s ,  
e m i s s i o n  n u c l e i ,  e t c . )  a r e  f o r m e d  a n d  t a k e  p a r t  i n  t h e  f o r m a t i o n  
o f  t h e  b i o l o g i c a l  d o s e  i n  t h e  b o d y .  The b i o l o g i c a l  e f f e c t  o f  e a c h  
t y p e  o f  i o n i z i n g  r a d i a t i o n  d e p e n d s  on t h e  v a l u e  o f  t h e  i o n i z a t i o n  
l o s s e s ,  t h e  v a l u e s  o f  t h e  d o s e s ,  a n d  t h e  t i m e s  o f  t h e  i r r a d i a t i o n s .  
A t  p r e s e n t ,  t h e  r e l a t i o n s h i p  b e t w e e n  t h e  r e l a t i v e  b i o l o g i c a l  e f f e c t 
i v e n e s s  ( R B E )  a n d  t h e  c h r o n i c  c o n d i t i o n s  o f  i r r a d i a t i o n  a r e  g e n e r a l l y  
u s e d .  O b v i o u s l y ,  t h i s  l e a d s  t o  a c e r t a i n  o v e r e s t i m a t i o n  o f  t h e  
v a l u e s  f o r  t h e  d o s e s .  I n  o r d e r  t o  o b t a i n  more  a c c u r a t e  d a t a ,  w e  
mus t  d e t e r m i n e  t h e  b i o l o g i c a l  e f f e c t i v e n e s s  o f  t h e  c o r r e s p o n d i n g  
t y p e s  o f  r a d i a t i o n  u n d e r  c o n d i t i o n s  w h i c h  b e s 4  a p p r o x i m a t e  t h o s e  
o f  a s p a c e  f l i g h t .  
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L e t  us  e x a m i n e  f u r t h e r  t h e  p r i n c i p a l  s o u r c e s  of r a d i a t i o n  i n  
s p a c e . .  

The g a l a c t i c  c o s m i c  r a d i a t i o n  (GCR) c o n s i s t s  m a i n l y  o f  p r o t o n s ,  
a - p a r t i c l e s ,  a n d  l i g h t  n u c l e i .  The i n t e g r a l  f l u x  o f  t h e  G C R  i s  
1 . 8 - 4 . 0  p a r t i c l e s  / cm2*sec ,  i n  r e l a t i o n  t o  t h e  s o l a r  a c t i v i t y  [ l ,  2 ,  
5 ,  1 2 ,  2 7 1 .  The a n g u l a r  d i s t r i b u t i o n  o f  t h e  G C R  i s  g e n e r a l l y  con- / 4 6 3  
s i d e r e d  i s o t r o p i c .  The s p e c t r u m  f o r  a l l  t h e  c o m p o n e n t s  o f  t h e  G C R  
w i t h  a n  e n e r g y  o f  m o r e  t h a n  1 B e V / n u c l e o n  c a n  b e  r e p r e s e n t e d  as a 
p o w e r  f u n c t i o n  w i t h  a n  e x p o n e n t  f r o m  2 .0  t o  2 . 5 .  

A s  a r e s u l t  o f  t h e  h i g h  p e n e t r a b i l i t y  o f  t h e  G C R ,  t h e  s p a t i a l  
d i s t r i b u t i o n  o f  t h e  d o s e  o v e r  t h e  b o d y  i s  a l m o s t  homogeneous  
o b v i o u s l y .  However ,  i n  r e l a t i o n  t o  t h e  h i g h  l i n e a r  i o n i z a t i o n  l o s s e s  
o f  t h e  h e a v y  i o n s  i n c l u d e d  i n  t h e  G C R ,  t h e  b i o l o g i c a l  e f f e c t i v e n e s s  
o f  t h i s  r a d i a t i o n  h a s  g r e a t  s i g n i f i c a n c e .  A c c o r d i n g  t o  o u r  c a l c u 
l a t i o n s  [ 8 1 ,  t h e  t o t a l  e f f e c t  o f  t h e  G C R  when t h e r e  i s  n o  p r o t e c 
t i o n  i s  e q u a l  t o  22 m r a d / d a y ,  or 1 3 0  mrem/day .  I n  o r d e r  t o  o r i e n t  
t h e  e v a l u a t i o n  o f  t h e  c o n t r i b u t i o n  t o  t h e  d o s e  f r o m  t h e  s e c o n d a r y  
r a d i a t i o n  a r i s i n g  i n  t h e  p r o t e c t i o n  a n d  t h e  b o d y  o f  t h e  a s t r o n a u t  
d u r i n g  t h e  e f f e c t  o f  G C R ,  w e  c a n  u s e  t h e  d a t a  on t h e  a l t i t u d e  d e 
p e n d e n c e  o f  t h e  i o n i z a t i o n  p r o d u c e d  b y  t h e  G C R  i n  t h e  a t m o s p h e r e .  
T h i s  e v a l u a t i o n  shows  t h a t  t h e  c o n t r i b u t i o n  o f  t h e  s e c o n d a r y  r a d i 
a t i o n  i s  5 0 - 1 0 0 % .  C o n s i d e r i n g  t h i s  d o s e ,  t h e  G C R  i n  i n t e r p l a n e t a r y  
s p a c e  c a n  r e a c h  200-250 mrem/day C81. O b v i o u s l y ,  t h e  G C R  c a n  p r e 
s e n t  s e r i o u s  d a n g e r  ID t h e  a s t r o n a u t s  i n  t h e  case o f  p r o l o n g e d  
f l i g h t s .  

I n  t h e  i m m e d i a t e  p r o x i m i t y  o f  t h e  E a r t h ,  t h e  G C R  d o s e  i s  much 
l o w e r  b e c a u s e  o f  t h e  s h i e l d i n g  e f f e c t  o f  t h e  E a r t h  i t s e l f  a n d  i t s  
m a g n e t i c  f i e l d .  T h u s ,  f o r  a n  o r b i t  l o c a t e d  a t  a n  a l t i t u d e  o f  
200-600 km, w i t h  a n  a n g l e  o f  i n c l i n a t i o n  t o w a r d  t h e  p l a n e  o f  t h e  
e q u a t o r  o f  65O, t h e  G C R  d o s e  i n c l u d i n g  t h e  s e c o n d a r y  r a d i a t i o n  i s  
8-10 m r a d / d a y .  T h e s e  r e s u l t s  c o n f o r m  w e l l  w i t h  t h e  d a t a  f r o m  d i r e c t  
m e a s u r e m e n t s  d u r i n g  t h e  f l i g h t  o f  t h e  " V o s t o k "  c r a f t  [lo ,111. 

The i n n e r  r a d i a t i o n  b e l t  i s  l o c a t e d  w i t h i n  t h e  a r e a  l i m i t e d  
b y  t h e  m a g n e t i c  l i n e  o f  f o r c e  w h i c h  i n t e r s e c t s  t h e  E a r t h ' s  s u r f a c e  
a t  a g e o m a g n e t i c  l a t i t u d e  o f  45O. I n  t h e  W e s t e r n  H e m i s p h e r e ,  t h i s  
r e g i o n  b e g i n s  a t  a n  a l t i t u d e  o f  5 0 0 - 6 0 0  km ( 1 5 0 0  km i n  t h e  E a s t e r n  
H e m i s p h e r e ) .  The b e l t  e x t e n d s  up t o  a n  a l t i t u d e  o f  a b o u t  1 0 , 0 0 0  km. 
The maximum i n t e n s i t y  i s  o b s e r v e d  a t  'an a l t i t u d e  o f  a b o u t  3600 km 
f r o m  t h e  s u r f a c e  o f  t h e  E a r t h  ( t h e  f i r s t  maximum);  t h e  s e c o n d  max
imum i s  o b s e r v e d  a t  a n  a l t i t u d e  of  a b o u t  7000-8000 km f r o m  t h e  
E a r t h ' s  s u r f a c e .  The p r i n c i p a l  componen t  o f  t h e  r a d i a t i o n  i n  t h i s  
b e l t  i s  h i g h - e n e r g y  p r o t o n s  c 2 4 ,  2 5 ,  2 8 1 .  

The o m n i d i r e c t i o n a l  i n t e n s i t y  o f  t h e  f l u x  for p r o t o n s  w i t h  a n  
e n e r  y o f  more  t h a n  40  M e V  i s  2 * 1 0 4  a t  t h e  f i r s t  maximum, a n d  a b o u t  
5 * 1 0 5  p a r t i c l e s / c m 2 * s e c  a t  t h e  s e c o n d  maximum. The s p e c t r u m  f o r  
t h e  p r o t o n s  o f  t h e  z o n e  c a n  b e  r e p r e s e n t e d  b y  a p o w e r  f u n c t i o n  w i t h  
a n  e x p o n e n t  f r o m  1 . 4  t o  1 . 8 ,  i n  r e l a t i o n  t o  t h e  s e g m e n t  o f  t h e  s p e c 
t r u m  o f  t h e  p r o t o n s  [ 2 4 ,  2 5 ,  2 8 1 .  

50 4 



~ .. . .., 

The s p a t i a l  d i s t r i b u t i o n  o f  d o s e s ,  c a l c u l a t e d  f o r  a s p h e r i c a l  
phan tom w i t h  a d i a m e t e r  o f  50 c m ,  i s  shown i n  F i g u r e  1 i n  r e l a t i o n  
t o  v a r i o u s  t h i c k n e s s e s  o f  a n  a luminum s h i e l d  C81. The d e c r e a s e  o f  
t h e  d o s e  i n  t h i s  case i s  s u c h  t h a t  t h e  u s e  o f  t h e  m i d - t i s s u l a r  d o s e  
i s  v a l i d ,  e v e n  f o r  s h i e l d s  w i t h  t h i c k n e s s e s  g r e a t e r  t h a n  1 g /cm2 .  / 4 6 4  
The v a l u e s  o f  t h e  m i d - t i s s u l a r  d o s e s  o f  t h e  p r o t o n s  f o r  v a r i o u s  
c i r c u l a r  o r b i t s  b e y o n d  a n  a luminum s h i e l d  o f  1 g/cm2 a r e  shown i n  
T a b l e  1 C81. 

The o u t e r  r a d i a t i o n  b e l t  c o n s i s t s  r r ,a inly o f  e l e c t r o n  f l u x e s .  
The o u t e r  z o n e  i s  l o c a t e d  i n  t h e  a r e a  w h i c h  i s  1 0 , 0 0 0 - 5 0 , 0 0 0  km 
o v e r  t h e  E q u a t o r , a n d  w h i c h  d r o p s  down t o  300  km a t  l a t i t u d e s  o f  
55 -70° .  The maximum i n t e n s i t y  of t h e  o u t e r  b e l t  i s  f o u n d  a t  a 
d i s t a n c e  o f  1 5 , 0 0 0 - 2 0 , 0 0 0  km f rom t h e  E a r t h .  I n  t h i s  b e l t ,  t h e  
f l u x  o f  e l e c t r o n s  w i t h  e n e r g i e s  h i g h e r  t h a n  40 K e V  i s  a b o u t  l o 8  
p a r t i c l e s / c m 2 . s e c .  The  s p e c t r u m  o f  t h e  e l e c t r o n s  a t  t h e  c e n t e r  o f  
t h e  z o n e  c a n  b e  r e p r e s e n t e d  by  a p o w e r  f u n c t i o n  w i t h  a n  e x p o n e n t  
o f  2 + 0 . 5 .  The a n g u l a r  d i s t r i b u t i o n  o f  t h e  e l e c t r o n s  i n  t h i s  
z o n e  Ts g e n e r a l l y  c o n s i d e r e d  t o  b e  i s o t r o p i c  [ 2 , 1 5 ] .  

The e l e c t r o n s  o f  t h e  o u t e r  
b e l t  h a v e  l i t t l e  p e n e t r a b i l i t y ,  
a n d  a f f e c t  m a i n l y  t h e  i n t e g u m e n t s .  
A t  t h e  c e n t e r  o f  t h e  z o n e ,  f o r  a 
s h i e l d  o f  a l i g h t  s u b s t a n c e  w i t h  
1 g / c m 2 ,  t h e  d o s e  r a t e  a t  t h e  
s u r f a c e  o f  t h e  body  i s  40 r a d / d a y  
( c a l c u l a t e d  a c c o r d i n g  t o  t h e  / 4 6 5  
me thod  p r e s e n t e d  i n  a r t i c l e  C 1 8 1 ) .  
I n  t h i s  ca se ,  t h e  m i d - t i s s u l a r  
d o s e  c a u s e d  by  b r e m s s t r a h l u n g  
( c a l c u l a t e d  a c c o r d i n g  t o  t h e  m e t h o d  
p r e s e n t e d  i n  t h e  a r t i c l e  C 1 6 1  
i s  a b o u t  1 r a d / d a y .  

T A B L E  1-M I D - T I S S U L A R  DOSES OF 
T H E  P R O T O N S  ( I N  REM/DAY)(SPHERI-

TOM) (CALCULATED D A T A )  

Ang le  o f  I n c l i n a t i o n  t o  
D i s t a n c e  f r o m  t h e  c e n t e r  t h e  P l a n e  o f  t h e  O r b i to f  t h e  Phantom,cm 

F i g .  1. S p a t i a l  D i s t r i b u t i o n  63. 9U* 

o f  t h e  Dose o f  P r o t o n s  Ab

s o r b e d  by  T i s s u e  . i n  t h e  I n n e r  

<O ,05 <O ,05

R a d i a t i o n  B e l t ,  U s i n g  a 0.16 0,26

S p h e r i c a l  Phan tom ( r  = 2 5  cm) ,  0'65 0,58

f o r  V a r i o u s  T h i c k n e s s e s  o f  20 18 

a n  Aluminum S h i e l d .  296 294 
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The a r t i f i c i a l  r a d i a t i o n  b e l t  o f  t h e  E a r t h ,  f o r m e d  as a r e 
s u l t  o f  a number  o f  h i g h - a l t i t u d e  n u c l e a r  e x p l o s i o n s ,  c o n s i t s  o �  
e l e c t r o n s  w i t h  e n e r g i e s  up t o  7 M e V .  The s p a t i a l  d i s t r i b u t i o n  a n d  
f l u x e s  o f  e l e c t r o n s  c h a n g e  g r e a t l y  i n  t i m e .  The  m o s t  s t a b l e  p a r t  
( w i t h  a d i s e n t e g r a t i o n  c o n s t a n t  o f  1 - 3  y e a r s )  i s  l o c a t e d  a t  a d i s 
t a n c e  o f  1200-4500  km a b o v e  t h e  E q u a t o r .  A t  t h e  c e n t e r  of t h e  
a r t i f i c i a l  b e l t ,  a t  a n  a l t i t u d e  of  1800-2300  km, t h e  o m n i d i r e c t i o n a l  
i n t e n s i t y  of  t h e  e l e c t r o n s  whose  e n e r g i e s  a r e  g r e a t e r  t h a n  0 . 5  M e V  
w a s  ( 5 - 1 0 > * 1 0 8  p a r t i c l e s / c m 2  s e c  a t  t h e  e n d  o f  1 9 6 2  C251. 

T a b l e  2 shows  t h e  v a l u e s  f o r  t h e  s u r f a c e  d o s e s  c a u s e d  by  t h e  
e l e c t r o n s  o f  t h e  a r t i f i c i a l  b e l t ,  w h i c h  w e  c a l c u l a t e d  a c c o r d i n g  t o  
t h e  m e t h o d  i n  E181 f o r  a s h i e l d  o f  1 g /cm2 .  

UsLk t h e  P l a n e  o f  O r b i t  
. d O & q ,  
Q'.49s Oo I 4Y I 65'' I 90° ~5: C d m p  

1000 3.10' 6.101 4,5*101 .4,2*101 
18OO-SOO 2.10' 2,4-10' 1,9.10' 1,7.101 

3000 4,4*10' 8.108 6,5*ioS 5,9*ioS 
800 2,8*1oS 7.101 5,5*101 5.10'' 

The c o r p u s c u l a r  r a d i a t i o n  o f  t h e  s o l a r  f l a r e s  c o n s i s t s  m a i n l y  
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3r’ 	 t h e  p r o t e c t i o n ,  t h e r e  i s  f i l t r a 
t i o n  o f  t h e  h i g h - e n e r g y  p r o t o n s  a n d  
t h e  d e c r e a s e  o f  t h e  d o s e  i n  t h e  

2”~ I 
T a b l e  3 shows  t h e  v a l u e s  f o r  

t h e  d o s e s  a t  a p o i n t  t a r g e t  a n d  i n  
a mode l  o f  a s p h e r i c a l  p h a n t o m ,  
for a luminum s h i e l d i n g  w i t h  

body  i s  s u b d u e d .  

1-10-* r// 1 g/cm2 C91.  

T A B L E  3 .  DOSES OF R A D I A T I O N  FOR 6 4 6 7  
C E R T A I N  S O L A R  F L A R E S  ( I N  R A D / F L A R $  

I 
0 5 w 6 2 0 2 5  

D a t e  P o i n tIT a r g e t  
S p h e r i c a l  
Phan tom 

hm 

F i g .  2 .  S p a t i a l  D i s t r i b u t i o n  F e b .  2 3 , 1 9 5 6  560 82 

o f  t h e  Dose A b s o r b e d  by  t h e  Nov. 1 2 , 1 9 6 0  2200 90  
T i s s u e s  f r o m  B r e m s s t r a h l u n g  
o f  E l e c t r o n s ,  a t  t h e  C e n t e r  May 1 0 , 1 9 5 9  8 6 0 0  2 7 0  

F i g .  3 .  S p a t i a l  D i s t r i b u t i o n  

o f  t h e  Dose A b s o r b e d  by  t h e  

T i s s u e s ,  U s i n g  a S p h e r i c a l  

Phantom ( r  = 25 c m ) ,  f o r  Var

i o u s  T h i c k n e s s e s  o f  a n  Alum

inum S h i e l d  ( b ) .  

( a )  F l a r e  on F e b r u a r y  2 3 ,  1 9 5 6 ;  

( b )  F l a r e  on November 1 2 ,  1 9 6 0 .  


15 20 25 
In ce rom t h e  C e n t e r  
t h e  I a n t o m ,  c m  
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R A D I O B I O L O G I C A L  STUDIES 

Spe  c i  a1 r a d ;  o b i  o l o g i  c a l  s t u d i e s  h a v e  g r e a t  s i g n i f i c a n c e  i n  / 4 6  8 
s o l v i n g  t h e  p r o b l e m  o f  r a d i a t i o n  s a f e t y  i n  s p a c e  f l i g h t s .  

The p r i n c i p a l  t a s k  o f  t h e s e  s t u d i e s  i s  t o  o b t a i n  i n f o r m a t i o n  
on t h e  r e l a t . i o n s h i p  b e t w e e n  t h e  d a m a g i n g  e f f e c t  o f  t h e  c o s m i c  
r a d i a t i o n  a n d  t h e  t y p e  a n d  e n e r g y  o f  r a d i a t i o n s ,  t h e  d o s e  r a t e ,  and  
t h e  s p a t i a l  d i s t r i b u t i o n  o f  t h e  a b s o r b e d  d o s e ,  t h e  damage t o  t h e  
c r i t i c a l  o r g a n s  , a n d  t h e  p r e s e n c e  o f  r e p a r a t i v e  a n d  c o m p e n s a t o r y  
p r o c e s s e s  i n  an o r g a n i s m ,  f o r  r e p e a t e d  a n d  c h r o n i c  i r r a d i a t i o n s .  
The s o l u t i o n  t o  t h e s e  p r o b l e m s  i n d i c a t e s  t h e  p e r m i s s i b l e  l e v e l s  o f  
i r r a d i a t i o n  f o r  t h e  c r e w ,  a n d  a l l o w s  w o r k i n g  o u t  r e c o m m e n d a t i o n s  
i n  t h e  c a s e  o f  a n  e x c e s s  o f  i r r a d i a t i o n .  M o r e o v e r ,  t h e y  a r e  a l s o  
a p r e r e q u i s i t e  f o r  c o n d u c t i n g  s t u d i e s  t o  f i n d  e f f e c t i v e  means o f  
t r e a t m e n t  a n d  p r o p h y l a x i s  f o r  r a d i a t i o n  damage c a u s e d  by  t h e  e f f e c t  
o f  c o s m i c  r a y s .  

THE RBE OF COSMIC R A D I A T I O N  

A t  t h e  p r e s e n t ,  i t  s t i l l  d o e s  n o t  s eem p o s s i b l e  t o  make a com
p l e t e  g e n e r a l i z a t i o n  i n  r e l a t i o n  t o  t h e  RBE o f  a l l  t h e  c o m p o n e n t s  
o f  c o s m i c  r a d i a t i o n .  T h i s  i s  p r i m a r i l y  due  t o  t h e  f a c t  t h a t  t h e r e  
a r e  s i g n i f i c a n t  t e c h n i c a l  d i f f i c u l t i e s  i n  o b t a i n i n g  ( u n d e r  t e r r e s 
t r i a l  c o n d i t i o n s )  c e r t a i n  t y p e s  o f  r a d i a t i o n  whose  e n e r g y  i s  compar
a b l e  t o  c o s m i c  r a d i a t i o n .  T h e s e  d i f f i c u l t i e s  i n  d e t e r m i n i n g  t h e  
RBE o f  c o s m i c  r a d i a t i o n  a r e  a l s o  f o u n d  i n  t h e  i m p e r f e c t i o n  o f  t i s s u 
l a r  d o s i m e t r y ,  w h i c h  d o e s  n o t  ( a s  a r u l e )  g i v e  p r e c i s e  i n f o r m a t i o n  
on t h e  a b s o r b e d  e n e r g y  s o  t h a t  t h e  c o r r e s p o n d i n g  c o m p a r i s o n s  c a n  
b e  made. M o r e o v e r ,  t h e  e x p e r i m e n t e r s  c a n  become i n v o l v e d  i n  many 
complex  p r o b l e m s  i n  e v a l u a t i n g  a number  o f  f a c t o r s  w h i c h  c a n  g r e a t l y  
a f f e c t  t h e  b i o l o g i c a l  e f f e c t .  I n  p a r t i c u l a r ,  t h e  RBE c a n  v e r y  i n  
r e l a t i o n  t o  t h e  b i o l o g i c a l  o b j e c t i v e  s e l e c t e d ,  t h e  t y p e s  o f  
a n i m a l s  a n d  p l a n t s ,  a n d  t h e  i n d e x  b e i n g  s t u d i e d  ( r a d i a t i o n  damages  
t o  t h e  s k i n ,  h e m o p o i e t i c  o r g a n s  , c r y s t a l l i n e  l e n s ,  n e r v o u s  s y s t e m ,  
e t c .  1. P a r t i c u l a r l y  s u b s t a n t i a l  d i f f e r e n c e s  a r e  f o u n d  i n  e v a l u a t 
i l i g  t h e  g e n e t i c  c h a n g e s .  Under  o t h e r w i s e  e q u a l  c o n d i t i o n s  , t h e  
RBE c a n  v a r y  d e p e n d i n g  on w h e t h e r  t h e  e f f e c t s  o f  a s i n g l e  a c u t e  
e f f e c t  a r e  b e i n g  e x a m i n e d ,  or w h e t h e r  a n  e v a l u a t i o n  i s  b e i n g  made 
f o r  t h e  a p p e a r a n c e s  o f  c h r o n i c  or f r a c t i o n a t e d  e f f e c t s  o f  r a d i a t i o n .  

S t u d i e s  i n  d e t e r m i n i n g  t h e  r a d i a t i o n  damage c a u s e d  by t h e  
e f f e c t  o f  p r o t o n s ,  a n d  i n  c l a r i f y i n g  t h e i r  r e l a t i v e  b i o l o g i c a l  e f 
f e c t i v e n e s s ,  h a v e  b e e n  g o i n g  on i n  t h e  U.S.S.R. f o r  a number  o f  
y e a r s  C S ,  1 3 ,  1 7 ,  2 1 1 .  

E x p e r i m e n t a l  a n i m a l s  ( d o g s ,  r a t s ,  a n d  m i c e )  w e r e  s u b j e c t e d  t o  
i r r a d i a t i o n  by p r o t o n s  g e n e r a t e d  i n  a s y n c h r o c y c l o t r o n  a t  t h e  
L a b o r a t o r y  o f  N u c l e a r  P r o b l e m s  , J o i n t  I n s t i t u t e  f o r  N u c l e a r  R e 
s e a r c h ,  Dubna. The RBE c o e f f i c i e n t s  o f  t h e  p r o t o n s  w e r e  d e t e r m i n e d  
on t h e  b a s i s  o f  a c o m p a r i s o n  of  t h e  s u r v i v a l  r a t e s ,  as w e l l  as t h e  /469-
s e v e r i t y  o f  t h e  r a d i a t i o n  damage c a u s e d  by  t h e  e f f e c t  o f  p r o t o n s  
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on t h e  o n e  h a n d  a n d  b y  x - r a y s  or y - r a y s  on t h e  o t h e r .  I n  t h e  e x 
p e r i m e n t s  on t h e  d o g s ,  t h e  e f f e c t s  o f  t h e  i r r a d i a t i o n  w e r e  d e t e r 
m i n e d  by  t h e  a n i m a l s '  g e n e r a l  c o n d i t i o n ,  t h e  m o r p h o l o g i c a l  a n d  
b i o c h e m i c a l  c o m p o s i t i o n  o f  t h e  p e r i p h e r a l  b l o o d  a n d  b o n e  mar row,  
t h e  s t a t e  o f  t h e  c a r d i o v a s c u l a r  s y s t e m ,  t h e  i m m u n o l o g i c a l  r e a c t i v i t y ,  
a n d  m o r p h o l o g i c a l  a n d  h i s t o l o g i c a l  e x a m i n a t i o n s .  

I n  e x p e r i m e n t s  on  d o g s  [ 6 , 1 7 1 ,  i t  w a s  shown t h a t  i r r a d i a t i o n  
o f  t h e  a n i m a l s  b y  p r o t o n s  o f  1 2 6 ,  2 4 0 ,  a n d  510 M e V  l e d  t o  t h e  
d e v e l o p m e n t  o f  r a d i a t i o n  damage w h i c h  i s  g e n e r a l l y  c h a r a c t e r i s t i c  
o f  a c u t e  r a d i a t i o n  s i c k n e s s  c a u s e d  by t h e  e f f e c t  o f  " s t a n d a r d "  
t y p e s  o f  r a d i a t i o n .  However ,  d e s p i t e  t h e  we l l -known s i m i l a r i t y  a n d  
t y p i c a l i t y  o f  t h e  damages  a f t e r  i r r a d i a t i o n  by  p r o t o n s  , t h e r e  were 
a l s o  c e r t a i n  d i f f e r e n c e s .  F i r s t  o f  a l l ,  w e  s h o u l d  n o t e  t h a t  t h e r e  
were more  i n t e n s e  d e s t r u c t i v e  c h a n g e s  i n  t h e  v e s s e l s  o f  a l l  t h e  
a n i m a l s .  A s  a r e s u l t  o f  t h i s ,  h e m o r r h a g i c  s y m p t o n s  w e r e  n o t e d  more  
c l e a r l y .  The h e m o r r h a g e s  w e r e  s i g n i f i c a n t  d u r i n g  t h e  i m m e d i a t e  
p e r i o d s ,  a n d  t h e y  a p p e a r e d  i n  l a r g e  n u m b e r s .  An u n u s u a l  l o c a t i o n  
o f  t h e s e  h e m o r r h a g e s  w a s  a l s o  c h a r a c t e r i s t i c .  A n o t h e r  d i f f e r e n c e  
w a s  t h e  more i n t e n s e  s u p p r e s s i o n  o f  m e d u l l a r y  h e m o p o i e s i s  , p a r t i c u 
l a r l y  i n  t h e  e r y t h r o p o e i t i c  s e c t i o n .  

On t h e  b a s i s  o f  a s i m i l a r  c l i n i c a l  c h a r a c t e r i s t i c  f o r  t h e  r a 
d i a t i o n  damage ,  a n d  b y  c o m p a r i n g  t h e  f a t a l  e f f e c t s ,  t h e  RBE o f  t h e  
p r o t o n s  w a s  d e t e r m i n e d .  The RBE c o e f f i c i e n t  f o r  a r e p e a t e d  i r r a d i 
a t i o n  o f  d o g s  by p r o t o n s  o f  510 a n d  126  M e V  w a s  e q u a l  t o  o n e  u n i t .  
For a s i n g l e  i r r a d i a t i o n ,  i t  i n c r e a s e d  up t o  1 . 2  f o r  p r o t o n s  o f  510 
M e V  a n d  d e c r e a s e d  t o  1 . 0  for p r o t o n s  o f  240 a n d  1 2 6  M e V  ( T a b l e  4 ) .  

I n  p a r a l l e l  s t u d i e s  c o n d u c t e d  on s m a l l e r  l a b o r a t o r y  a n i m a l s ,  
i t  w a s  shown t h a t  t h e  b i o l o g i c a l  e f f e c t i v e n e s s  o f  p r o t o n s  o f  5 i 0 ,  
2 1 0 ,  a n d  1 2 6  M e V ,  i n  r e l a t i o n  t o  r a t s  a n d  m i c e ,  w a s  somewhat  l e s s  
t h a n  t h a t  f o r  y - r a y s  f r o m  C o 6 0 .  

A l l  t h e  a b o v e ,  i n  r e l a t i o n  t o  t h e  p r o b l e m  o f  t h e  R B E ,  h e l p e d  
m a i n l y  i n  e s t a b l i s h i n g  t h e  b i o l o g i c a l  e f f e c t i v e n e s s  o f  c o s m i c  
r a d i a t i o n  f o r  a n i m a l s  a n d  human b e i n g s .  However ,  i n  r e l a t i o n  t o  
t h e  p r o p o s a l  t h a t  h i g h e r  a n d  l o w e r  p l a n t s  b e  s t o c k e d  on b o a r d  t h e  
s p a c e c r a f t ,  a s  a means  o f  g u a r a n t e e i n g  t h e  s a f e t y  o f  t h e  crew 
d u r i n g  p r o l o n g e d  f l i g h t s ,  t h e  p r o b l e m s  o f  e s t a b l i s h i n g  t h e  norms 
for i r r a d i a t i o n  o f  p l a n t s  a n d  d e t e r m i n i n g  t h e  RBE o f  t h e  c o s m i c  
r a d i a t i o n  r e l a t i v e  t o  t h e m ,  a l s o  a c q u i r e  p r i m a r y  i m p o r t a n c e .  

I t  i s  v e r y  u n f o r t u n a t e  t h a t  t h e  RBE o f  v a r i o u s  t y p e s  o f  i o n i z 
i n g  r a d i a t i o n  i n  r e l a t i o n  t o  p l a n t s  i s  s t i l l  n o t  c o n s i d e r e d  as  
i m p o r t a n t  as t h a t  i n  r e l a t i o n  t o  a n i m a l s .  The d a t a  i n  t h e  l i t e r 
a t u r e  m a i n l y  e n c o m p a s s  p r o b l e m s  r e l a t e d  t o  a d e t e r m i n a t i o n  o f  t h e  
RBE on t h e  b a s i s  o f  t h e  g e n e t i c  e f f e c t s ,  p r i m a r i l y  i n  c o m p a r i n g  I 4 7 0  
t h e  e f f e c t s  o f  n e u t r o n s  a n d  x - r a y s  or y - r a y s .  T h e r e  a r e  p r a c t i c a l l y  
n o  s t u d i e s  on t h e  RBE o f  p r o t o n s  i n  r e l a t i o n  t o  p l a n t s .  
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TABLE 4.  RBE COEFFICIENTS FOR PROTONS W I T H  A N  E N E R G Y  OF 1 2 6 - 5 1 0  M e V  

B i o l o g i c a l  O b j e c t  N a t u r e  o f  E n e r g y  o f  RBE 
, ( T y p e  o f  A n i m a l )  I r r a d i a t i o n  P ro tons ,MeV C o e f f i c i e n t  

~-

Dogs R e p e a t e d  1 9  times 5 1 0  1 . 0  
i n  5 weeks  

11 same 1 2  6 1.0 
R a t s  R e p e a t e d  20 t i m e  

i n  5 weeks  5 1 0  0 . 8  
Dogs S i n g l e  5 1 0  1 . 2  

11 same 2 40 1 . 0  
11 11  1 26 1 . 0  

R a t s  11 510 0 . 7 5  
11  11  2 40 0 . 7 3  
11 11 1 2  6 0 . 8 0  

Mice 11  240 0 . 6 5  
11  I 1  1 2  6 0 . 5 5  

The e x a m i n a t i o n s  w e  c o n d u c t e d  t o  d e t e r m i n e  t h e  RBE c o e f f i c i 
e n t s  o f  p r o t o n s  w i t h  e n e r g i e s  o f  1 2 6  a n d  660 M e V  i n  r e l a t i o n  t o  
s e e d s  o f  C h i n e s e  c a b b a g e  showed  t h a t  on t h e  b a s i s  o f  t h e  s o m a t i c  
e f f e c t s  d u r i n g  r a d i a t i o n  o v e r  a l a r g e  r a n g e  o f  d o s e s  ( f r o m  500 t o  
5 0 0 , 0 0 0  r a d ) ,  t h e  R B E  v a l u e  i s  1 . 6 - 2 . 0 .  D i f f e r e n t  
o b t a i n e d  i n  d e t e r m i n i n g  t h e  RBE on t h e  b a s i s  o f  a 
t h e  chromosome a b e r r a t i o n s  i n  t h e  p r i m a r y  r o o t l e t s  
s e e d s .  F o r  i r r a d i a t i o n  i n  d o s e s  up  t o  1 0 , 0 0 0  r a d ,  

r e s u l t s  were  
c a l c u l a t i o n  f o r  

o f  t h e  c a b b a g e  
t h e  RBE c o e f 

f i c i e n t  w a s  e q u a l  t o  
r e a c h i n g  2 . 0  t o  2 .2  
a t  d o s e s  o f  1 0 0 , 0 0 0  
i n g  t o  n o t e  t h a t  t h e  
a t  a r a d i a t i o n  d o s e  

1 . 0 ;  t h e n  i t  g r a d u a l l y  b e g a n  t o  i n c r e a s e ,  
a n d  1 2 6  M e V  
i s  i n t e r e s t 
660  M e V ,  

e q u a l  t o  1 . 2 ,  
e f f e c t i v e  

f o r  p r o t o n s  w i t h  e n e r g i e s  o f  660 
a n d  2 1 , 0 0 0  r a d ,  r e s p e c t i v e l y .  I t  

RBE o f  p r o t o n s  w i t h  a n  e n e r g y  o f  
f o r  t h e  s e e d s  o f  2 1 , 0 0 0  r a d ,  w a s  

i . e .  , t h e  p r o t o n s  w i t h  a n  e n e r g y  o f  1 2 6  M e V  were  more  
t h a n  t h e  f o r m e r  by  1 . 9  t i m e s .  The r e s u l t s  o b t a i n e d  i n d i c a t e  t h a t  
p r o t o n s  w i t h  t h e s e  e n e r g i e s  were  more e f f e c t i v e  i n  r e l a t i o n  t o  
t h e  s e e d s  t h a n  i n  r e l a t i o n  t o  m a m m a l s .  

T h e r e f o r e ,  a n  a n a l y s i s  o f  t h e  a v a i l a b l e  d a t a  on t h e  RBE o f  
v a r i o u s  t y p e s  o f  c o s m i c  r a d i a t i o n  shows  t h e  n e c e s s i t y  f o r  c o n d u c t 
i n g  s i m i l a r  t y p e s  o f  s t u d i e s ,  p a r t i c u l a r l y  w i t h  p r o t o n s  o f  v a r i o u s  
e n e r g i e s  a n d  w i t h  m u l t i p l y - c h a r g e d  i o n s ,  s i n c e  t h i s  i n f o r m a t i o n  i s  
e s s e n t i a l  f o r  e v a l u a t i n g  t h e  r a d i a t i o n  s a f e t y  f o r  t h e  l i n k s  o f  / 4 7 1  
h i g h e r  a n d  l o w e r  p l a n t s  i n  t h e  c l o s e d  s y s t e m  o f  s u b s t a n c e s  a b o a r d  
f u t u r e  i n t e r p l a n e t a r y  c r a f t .  

C R I T I C A L  ORGANS 

I n  a d d i t i o n  t o  e s t a b l i s h i n g  t h e  RBE o f  t h e  c o s m i c  r a d i a t i o n s ,  
a v e r y  i m p o r t a n t  p a r t  o f  r a d i o b i o l o g i c a l  r e s e a r c h  s h o u l d  i n v o l v e  
a n  e x a m i n a t i o n  o f  t h e  b i o l o g i c a l  e f f e c t s  p r o d u c e d  by  v a r y i n g  t h e  
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s p a t i a l  d i s t r i b u t i o n s  o f  a b s o r b e d  e n e r g y .  The h i g h  e n e r g y  s p e c t r u m  
o f  t h e  c o s m i c  r a d i a t i o n  c a u s e s  v a r y i n g  d i s t r i b u t i o n s  o f  t h e  ab 
s o r b e d  d o s e  w i t h  d e p t h .  T h i s  t h e n  o b l i g e s  u s  t o  e v a l u a t e  t h e  r a d i 
a t i o n  d a n g e r  on t h e  b a s i s  of t h e  i n j u r y  t o  t h e  s o - c a l l e d  “ c r i t i c a l  
o r g a n s “ ,  i n  r e l a t i o n  t o  t h e  f a c t  t h a t  t h i s  i s  now done  when r a d i o 
a c t i v e  s u b s t a n c e s  a r e  f o u n d  w i t h i n  a n  o r g a n i s m .  

W e  s h o u l d  n o t e  t h a t  t h e  p a r t i c u l a r  c o n d i t i o n s  wh ich  a r e  c h a r a c 
t e r i s t i c  o f  s p a c e  f l i g h t  c a l l  for a d d i n g  c e r t a i n  new c o n c e p t s  t o  
t h e  e x i s t i n g  o n e s  f o r  t h e  “ c r i t i c a l  o r g a n s “ .  O b v i o u s l y ,  it is  
n e c e s s a r y  t o  c o n s i d e r  t h e  v e s t i b u l a r  a n a l y z e r  as a c r i t i c a l  o r g a n ,  
i n  a d d i t i o n  t o  t h e  o t h e r  g e n e r a l l y - a c c e p t e d  c r i t i c a l  o r g a n s  ( b o n e  
mar row,  g o n a d s ,  c r y s t a l l i n e  l e n s ,  s k i n ,  e t c .  >.  T h i s  i s  d i c t a t e d  
p r i m a r i l y  by  t h e  c i r c u m s t a n c e  t h a t ,  u n d e r  t h e  c o n d i t i o n s  o f  a 
s p a c e  f l i g h t ,  t h e  a n a l y z e r  i s  s u b j e c t e d  t o  t h e  e f f e c t  o f  a d e q u a t e  
s t i m u l i  ( r e c t i l i n e a r  a n d  a n g u l a r  a c c e l e r a t i o n s ,  C o r i o l i s  f o r c e s ) .  
M o r e o v e r ,  i t  f u n c t i o n s  u n d e r  t h e  c o n d i t i o n s  o f  d i s r u p t i o n  o f  t h e  
i n t e r a c t i o n s  o f  t h e  a n a l y z e r  s y s t e m s .  I n  t h i s  c a s e ,  w e  h a v e  i n  mind 
t h e  c h a n g e  i n  t h e  i m p u l s e s  f rom t h e  o t o l i t h  a p p a r a t u s ,  t h e  p r o p r i 
o r e c e p t o r s ,  a n d  o t h e r  s e n s i t i v e  s y s t e m s  u n d e r  t h e  c o n d i t i o n s  o f  
p a r t i a l  or c o m p l e t e  w e i g h t l e s s n e s s .  A d i s o r d e r  i n  t h e  a c t i v i t y  o f  
t h e  v e s t i b u l a r  a n a l y z e r  c a n  b e  t h e  c a u s e  o f  an o r g a n i s m ’ s  s t r e s s  
r e a c t i o n s  , as  w e l l  as o t h e r  v e s t i b u l o - v e g e t a t i v e  a n d  s o m a t i c  d i s 
o r d e r s .  

A s  o u r  s t u d i e s  ( c o n d u c t e d  on 6 0 0  r a b b i t s )  s h o w e d ,  t h e  s t a t o 
k i n e t i c  a n a l y z e r  w a s  v e r y  s e n s i t i v e  t o  i o n i z i n g  r a d i a t i o n  [ 7 ,  1 4 ,  
1 9 ,  2 0 1 .  For a t o t a l  i r r a d i a t i o n  o f  t h e  r a b b i t s  i n  d o s e s  o f  5 0 0 
1 0 0  r a d ,  t h e  e x c i t a b i l i t y  o f  t h e  a n a l y z e r  i n c r e a s e s  d u r i n g  t h e  
f i r s t  h o u r s  a f t e r  t h e  e f f e c t .  For a d o s e  o f  5 0 0  r a d  a n d  m o r e ,  
t h e r e  i s  s u p p r e s s i o n  o f  t h e  r e f l e x  a c t i v i t y  as  w e l l  as i n h i b i t i o n  
o f  t h e  v e s t i b u l o - s o m a t i c  a n d  vestibule-vegetative r e f l e x e s .  

PERMISSIBLE L E V E L S  OF IRRADIATION 

A n e c e s s a r y  l i n k  i n  t h e  c h a i n  f o r  g u a r a n t e e i n g  t h e  r a d i a t i o n  
s a f e t y  o f  s p a c e  f l i g h t s  i s  a d e t e r m i n a t i o n  o f  t h e  p e r m i s s i b l e  
l e v e l s  f o r  t h e  e f f e c t  o f  c o s m i c  r a d i a t i o n s  d u r i n g  t h e  f l i g h t .  A 
c l e a r ,  s c i e n t i f i c a l l y  b a s e d  r e g u l a t i o n  o f  t h e  p e r m i s s i b l e  l e v e l s  
f o r  i r r a d i a t i o n  p r e d e t e r m i n e s  t h e  n a t u r e  o f  t h e  a n s w e r  t o  many 
q u e s t i o n s  on t h i s  p r o b l e m .  

I t  i s  w e l l  known t h a t ,  f o r  t h o s e  p e o p l e  w o r k i n g  w i t h  i n t e r n a l  
a n d  e x t e r n a l  s o u r c e s  o f  i o n i z i n g  r a d i a t i o n  ( r e s e a r c h e r s  i n  t h e  
U S S R ,  U S A ,  a n d  o t h e r  c o u n t r i e s ) ,  t h e  maximum p e r m i s s i b l e  l e v e l s  o f  
i r r a d i a t i o n  h a v e  b e e n  e s t a b l i s h e d  as e q u a l  t o  0 . 1  rem p e r  week ,  
; . e . ,  5 . 0  r e m  p e r  y e a r .  The e x i s t i n g  norms o f  i r r a d i a t i o n  a r e .  /472  
m a i n t a i n e d ,  as a r u l e ,  by  i n d u s t r i a l  t e c h n o l o g y ,  by  a d e q u a t e  p r o 
t e c t i v e  d e v i c e s ,  by . t h e  p o s s i b i l i t y  f o r  a w o r k e r  t o  t u r n  t o  o t h e r  
e f f e c t s  w h i c h  a r e  n o t  r e l a t e d  w i t h  t h e  e f f e c t  o f  r a d i a t i o n  i n  
t h e  case o f  o v e r e x p o s u r e ,  e t c .  
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However ,  c o n s i d e r i n g  t h e  p a r t i c u l a r  p h y s i c a l  f e a t u r e s  o f  
c o s m i c  r a d i a t i o n  ( c o m p o s i t i o n ,  i n t e n s i t y ,  s p e c t r a l  e n e r g y  c h a r a c 
t e r i s t i c ) ,  t h e  c a l c u l a t e d  d a t a  show t h a t  p r o l o n g e d  s p a c e  f l i g h t s  
( t o  Mars, Venus ,  a n d  o t h e r  p l a n e t s )  a r e  n e c e s s a r i l y  l i n k e d  w i t h  
t h e  e f f e c t  on a s t r o n a u t s  o f  i o n i z i n g  r a d i a t i o n s  i n  d o s e s  w h i c h  
w'hich g r e a t l y  e x c e e d  5 . 0  r e m  p e r  y e a r .  T h u s ,  t h e  e x i s t i n g  norms 
w h i c h  a r e  a c c e p t e d  when w o r k i n g  w i t h  s o u r c e s  o f  p e n e t r a t i n g  r a d i a 
t i o n  u n d e r  t e r r e s t r i a l  c o n d i t i o n s  a r e  n o t  a p p l i c a b l e  t o  s p a c e  f l i g h t s .  
T h e r e f o r e ,  we n e e d  s p e c i a l  new a p p r o a c h e s  t o  t h e  p r o b l e m  o f  e s t a b 
l i s h i n g  t h e  p e r m i s s i b l e  l e v e l s  o f  i r r a d i a t i o n  o f  t h e  c rew i n  t h e  
c r a f t ,  i n  r e l a t i o n  t o  p r o l o n g e d  s p a c e  f l i g h t s .  

The c o n d i t i o n s  g u a r a n t e e i n g  r a d i a t i o n  s a f e t y  o f  s p a c e  f l i g h t s  , 
i n  o u r  o p i n i o n ,  r e q u i r e  t h a t  t h e  d o s e s  o f  i o n i z i n g  r a d i a t i o n  b e  
d i v i d e d  i n t o  t h r e e  g r o u p s :  p e r m i s s i b l e  d o s e s  ( P D ) ;  d o s e s  o f  w a r r a n t e d  
r i s k  (DWR); c r i t i c a l  d o s e s  ( C D ) .  

A p e r m i s s i b l e  d o s e  i s  a d o s e  o f  i o n i z i n g  r a d i a t i o n ,  a n  e x p o s u r e  
t o  w h i c h  d o e s  n o t  c a u s e  any  s i g n i f i c a n t  s o m a t i c  i n j u r y  t o  a human 
b e i n g  ( i n  t h e  l i g h t  o f  c o n t e m p o r a r y  d a t a )  t h r o u g h o u t  h i s  e n t i r e  
l i f e .  Such  d o s e s  c a n  b e  recommended as  t h e  no rms  f o r  b r i e f  s p a c e  
f l i g h t s ,  a n d  an e x c e s s  o f  t h e s e  d o s e s  s h o u l d  b e  e l i m i n a t e d  by d e 
v i s i n g  p h y s i c a l  p r o t e c t i o n  and  b e  s e l e c t i n g  s p e c i a l  o r b i t s .  

A d o s e  o f  w a r r a n t e d  r i s k  i s  a d o s e  o f  i o n i z i n g  r a d i a t i o n ,  an 
e x p o s u r e  t o  w h i c h  ( i n  t h e  l i g h t  o f  c o n t e m p o r a r y  d a t a )  c a u s e s  o n l y  
i s o l a t e d  cases o f  weak c l i n i c a l  symptoms o f  r a d i a t i o n  damage .  T h e s e  
d o s e s  c a n  b e  recommended f o r  p r o l o n g e d  s p a c e  f l i g h t s  when t h e  
b i o l o g i c a l l y  a c t i v e  d o s e  i s  a c c u m u l a t e d  m a i n l y  as a r e s u l t  o f  
g a l a c t i c  c o s m i c  r a d i a t i o n .  

A c r i t i c a l  d o s e  i s  t h a t  d o s e  o f  i o n i z i n g  r a d i a t i o n ,  an e x p o s u r e  
t o  w h i c h  ( i n  t h e  l i g h t  o f  c o n t e m p o r a r y  d a t a )  c a n  l e a d  t o  c l e a r  
c l i n i c a l  symptoms o f  r a d i a t i o n  damage .  T h i s  d o s e ,  when r e c e i v e d  
by an a s t r o n a u t  i n  an a c c i d e n t a l  s i t u a t i o n ,  s h o u l d  b e  a s i g n a l  f o r  
t h e r a p e u t i c ,  p r o p h y l a c t i c ,  a n d  m e d i c a l  i n t e r v e n t i o n .  

I n  o u r  o p i n i o n ,  s u c h  a c l a s s i f i c a t i o n  o f  t h e  d o s e s  i s  e x t r e m e l y  
n e c e s s a r y ,  c o n s i d e r i n g  t h e  v a r y i n g  n a t u r e  , t a s k s  , a n d  l e n g t h  o f  
s p a c e  f l i g h t s .  

One o f  t h e  n e x t  s t e p s  i n  t h e  c o n q u e s t  o f  o u t e r  s p a c e ,  o b v i o u s l y ,  
i s  a manned f l i g h t  t o  t h e  Moon. T h i s  f l i g h t ,  f r o m  t h e  p o i n t  o f  /473 
v iew o f  a p h y s i c a l  a n d  r a d i o b i o l o g i c a l  e v a l u a t i o n  o f  t h e  r a d i a t i o n  
d a n g e r ,  i s  much more complex  t h a n  t h e  p r e v i o u s  o r b i t a l  f l i g h t s  o f  
t h e  c r a f t  " V o s t o k "  a n d  "Voskhod t l ,  a n d  t h e r e f o r e  r e q u i r e s  s p e c i a l  
e x a m i n a t i o n .  

A c c o r d i n g  t o  c a l c u l a t e d  d a t a ,  a f l i g h t  f~ t h e  Moon a n d  b a c k  t o  
t h e  E a r t h  s h o u l d  n o t  l a s t  more t h a n  1 0 - 1 5  d a y s  [ a ] .  I n  t h i s  c a s e ,  
t h e  crew o f  t h e  s p a c e c r a f t  w o u l d  b e  a f f e c t e d  by  g a l a c t i c  c o s m i c  
r a d i a t i o n ,  r a d i a t i o n  f r o m  t h e  r a d i a t i o n  b e l t s  o f  t h e  E a r t h ,  a n d  
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p o s s i b l y  r a d i a t i o n  f r o m  s o l a r  f l a r e s ,  i f  t h e  l a t t e r  s h o u l d  o c c u r  
d u r i n g  t h e  f l i g h t .  

H a v i n g  e v a l u a t e d  t h e  r a d i a t i o n  d a n g e r ,  w e  deem it  n e c e s s a r y  
f i r s t  o f  a l l  t o  f o r m u l a t e  t h e  f o l l o w i n g  p o s i t i o n s  w h i c h  m u s t  b e  
c o n s i d e r e d  i n  f i n d i n g  r e c o m m e n d a t i o n s  f o r  t h e  p e r m i s s i b l e  d o s e s  i n  
r e l a t i o n  t o  a f l i g h t  t o  t h e  Moon. 

F i r s t  o f  a l l ,  t h e  p h y s i c a l  p a r a m e t e r s  o f  t h e  G C R  a n d  t h e  r a d i 
a t i o n  o f  t h e  s o l a r  f l a r e s  a r e  s u c h  t h a t  i t  i s  n o t  r e a l i s t i c  t o  t r y  
t o  p r o d u c e  a p r o t e c t i o n  w h i c h  wou ld  a l m o s t  c o m p l e t e l y  a b s o r b  t h e  
i o n i z i n g  r a d i a t i o n ;  e v e n  t h e o r y ,  i n  g e n e r a l ,  c a n  show t h i s .  The 
a s t r o n a u t  w i l l  b e  e x p o s e d  t o  d o s e s  w h i c h  w i l l  e x c e e d  t h e  n a t u r a l  
l e v e l  o f  r a d i a t i o n  w h i c h  a f f e c t s  human b e i n g s  on E a r t h .  I n  r e l a t i o n  
t o  t h i s ,  r e g a r d l e s s  o f  w h e t h e r  or n o t  t h e  b i o l o g i c a l  e f f e c t  o f  t h e  
i o n i z i n g  r a d i a t i o n  i s  c r i t i c a l ,  t h e  summary d o s e  d u r i n g  t h e  f l i g h t  
t o  t h e  Moon ( e v e n  i f  o n l y  b e c a u s e  o f  t h e  G C R )  w i l l  b e  b i o l o g i c a l l y  
a c t i v e .  B e c a u s e  o f  t h i s  , i n  d e s i g n i n g  r a d i a t i o n  p r o t e c t i o n ,  i t  
i s  i m p o r t a n t  t h a t  w e  m a k e  a r a t i o n a l  a p p r o a c h  t o  a n  o r g a n i z a t i o n  
o f  t h e  e n t i r e  s y s t e m  o f  r a d i a t i o n  s a f e t y ,  c o n s i d e r i n g  t h e  z t u a l  
t e c h n i c a l  p o s s i b i l i t i e s  f o r  g u a r a n t e e i n g  f l i g h t  s a f e t y .  N a t u r a l l y  , 
h a v i n g  e v a l u a t e d  t h e  r a d i a t i o n  d a n g e r  o f  t h e  f l i g h t  t o  t h e  Moon, 
a n d  h a v i n g  a d m i t t e d  a d e f i n i t e  t e n a b l e  r i s h ,  w e  mus t  c o n s i d e r  t h e  
e x i s t i n g  k n o w l e d g e  on t h e  b i o l o g i c a l  e f f e c t  o f  i o n i z i n g  r a d i a t i o n  
a n d  t h e  t e c h n i c a l  p o s s i b i l i t i e s  f o r  g u a r a n t e e i n g  t h e  s u c c e s s  o f  
t h e  s p a c e  f l i g h t .  

S e c o n d l y ,  w e  t h i n k  i t  v a l i d  t o  a s sume  t h a t  u n d e r  t h e  c o n d i t i o n s  
o f  a s p a c e  f l i g h t  t o  t h e  Moon ( u p  t o  1 5  d a y s ) ,  t h e  p o s s i b l e  t o t a l  
i r r a d i a t i o n  o f  a n  a s t r o n a u t  b e c a u s e  o f  t h e  G C R ,  t h e  r a d i a t i o n  b e l t s  
o f  t h e  E a r t h ,  a n d  t h e  s o l a r  f l a r e s  c a n  b e  e v a l u a t e d  a s  a s i n g l e  
i r r a d i a t i o n .  

T h i r d l y ,  i t  i s  i m p o r t a n t  t h a t  t h e  c r e w  w h i c h  i s  c a r r y i n g  o u t  
t h e  s p a c e  f l i g h t  w i l l  n o t  b e  s u b j e c t e d  a s  a r u l e  t o  a d d i t i o n a l  
i r r a d i a t i o n  r e l a t e d  t o  a c c o m p l i s h i n g  o p e r a t i o n a l  o b l i g a t i o n s .  

F o u r t h l y ,  t h e  u n i q u e n e s s  o f  t h e  c o n d i t i o n s  b e i n g  e x a m i n e d  i s  
a l s o  d e t e r m i n e d  by  t h e  f a c t  t h a t  a s t r i c t l y - l i m i t e d  number  o f  p e o p l e  
w i l l  b e  e x p o s e d  t o  t h e  i r r a d i a t i o n .  

C o n s i d e r i n g  t h e  s p e c i f i c  f e a t u r e s  o f  a b r i e f  s p a c e  f l i g h t  / 4 7 4  
w h i c h  w e  h a v e  e x a m i n e d  ( t h e  i r r a d i a t i o n  o f  a l i m i t e d  number  o f  
p e o p l e  , t h e  s i n g l e  " o c c u p a t i o n a l "  e x p o s u r e  , a n d  t h e  l o n g - t e r m  
e x p e r i m e n t s  o f  r a d i o b i o l o g i s t s  i n  e v a l u a t i n g  t h e  b i o l o g i c a l  e f f e c t 
i v e n e s s  of i o n i z i n g  r a d i a t i o n  i n  r e l a t i o n  t o  human b e i n g s  a n d  
e x p e r i m e n t a l  a n i m a l s ) ,  w e  c a n  a s sume  t h a t  a d o s e  o f  1 5  r e m  i s  t h e  
b a s i c  o n e  on w h i c h  w e  c a n  work  o u t  a s y s t e m  f o r  r a d i a t i o n  s a f e t y  
o f  a s p a c e  f l i g h t  t o  t h e  Moon. 

An e v a l u a t i o n  o f  t h e  r a d i a t i o n  s a f e t y  u n d e r  t h e  c o n d i t i o n s  
o f  p r o l o n g e d  s p a c e  f l i g h t s ,  a n d  a d e t e r m i n a t i o n  o f  t h e  t e n a b l e  

513 


h 



v a l u e s  f o r  t h e  d o s e s  w h i c h  w o u l d  g u a r a n t e e  t h e  v i t a l i t y  a n d  w o r k i n g  
c a p a c i t y  o f  t h e  a s t r o n a u t s ,  a r e  a complex  p r o b l e m .  T h i s  c o m p l e x i t y  
i s  c a u s e d  by t h e  f o l l o w i n g  c i r c u m s t a n c e s :  

( 1 )  T h e r e  i s  a v e r y  s m a l l  q u a n t i t y  o f  d a t a  on  t h e  V a l u e s  f o r  
t h e  d o s e s  a n d  on t h e i r  d i s t r i b u t i o n  i n  t i m e  for t h e  a c t u a l  c o n d i t i o n s  
o f  a s p a c e  f l i g h t  ( m o s t  o f  t h e  p u b l i s h e d  r e s u l t s  were o b t a i n e d  b y  
c a l c u l a t i o n s ) .  

( 2 )  We h a v e  a v e r y  i n s u f f i c i e n t  amount  o f  k n o w l e d g e  on t h e  
p a r t i c u l a r  f e a t u r e s  o f  t h e  e f f e c t  o f  v a r i o u s  t y p e s  o f  c o s m i c  r a d i 
a t i o n  a n d  t h e i r  r e l a t i v e  b i o l o g i c a l  e f f e c t i v e n e s s .  

( 3 )  T h e r e  a r e  p r a c t i c a l l y  n o  m a t e r i a l s  w h i c h  w e r e  o b t a i n e d  
by  m o d e l i n g  a r a d i a t i o n  e f f e c t  i n  r e l a t i o n  t o  a p r o l o n g e d  s p a c e  
f l i g h t  ( t h e  c h r o n i c  e f f e c t  o f  r a d i a t i o n  f o r  2 - 6  y e a r s  i n  r e l a t i o n  
t o  t h e  s i n g l e  e f f e c t  o f  p e r i o d i c a l l y - r e p e a t e d  i r r a d i a t i o n ) .  

( 4 )  T h e r e  i s  n o t  enough  d a t a  on t h e  r u l e s  f o r  t h e  r e c o v e r y  
a f t e r  r a d i a t i o n  damages  u n d e r  t h e  c o n d i t i o n s  cf t h e  r e p e a t e d  e f f e c t  
o f  i o n i z i n g  r a d i a t i o n .  

( 5 )  T h e r e  a r e  d e f i n i t e  l i m i t s  t o  t r a n s f e r r i n g  t h e  r e s u l t s  
o b t a i n e d  i n  an e x p e r i m e n t  t o  t h e  c a s e s  o f  a n i m a l s  or human b e i n g s .  

T h u s ,  any  e v a l u a t i o n  o f  t h e  d o s e s  a n d  r e c o m m e n d a t i o n s  r e g a r d 
i n g  t h i s  p r o b l e m  w i l l  r e m a i n  t e n t a t i v e .  On ly  by  a c c u m u l a t i n g  
k n o w l e d g e  a n d  i n t r o d u c i n g  t h e  c o r r e s p o n d i n g  c o r r e c t i o n s  w i l l  t h e r e  
b e  a minimum d i v e r g e n c e  b e t w e e n  t h e  p r e l i m i n a r y  v a l u e s  o f  t h e  
p e r m i s s i b l e  d o s e s  a n d  t h e i r  r e a l  v a l u e s .  

I n  e x a m i n i n g  t h e  r a d i a t i o n  d a n g e r  a n d  t h e  a c c e p t a b l e  d o s e s  o f  
i o n i z i n g  r a d i a t i o n  i n  r e l a t i o n  t o  p r o l o n g e d  s p a c e  f l i g h t s  ( o f  
s e v e r a l  y e a r s )  a t  t h i s  s t a g e  o f  o u r  k n o w l e d g e  o f  t h e  r a d i a t i o n  
s i t u a t i o n  i n  s p a c e  a n d  t h e  b i o l o g i c a l  e f f e c t  o f  r a d i a t i o n ,  i t  i s  
e x p e d i e n t  t h a t  we s p e a k  o f  d o s e s  o f  w a r r a n t e d  r i s k ,  s i n c e  t h e  d o s e  
t h a t  i s  a b s o r b e d  o n l y  b e c a u s e  o f  t h e  G C R  c a n  g r e a t l y  e x c e e d  1 5  r e m ,  
t h e  v a l u e  f o r  t h e  p e r m i s s i b l e  d o s e  w h i c h  r e  recommended f o r  
s h o r t e r - t e r m  s p a c e  f l i g h t s .  
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THE PROBLEM OF DETERMINING THE PERMISSIBLE DOSE OF 
IONIZING RADIATION FOR THE CREW MEMBERS OF SPACECRAFT+ 
Yu. G .  G r i g o r ' Y e v ,  A . K .  G u s ' k o v a ,  M.P. D o m s h l a k ,  V . G .  

V y s o t s k i y ,  S . A .  R a y e v s k a y a ,  B . A .  M a r k e l o v ,  a n d  N .  G .  D a r e n s k a y a  

ABSTRACT: A number o f  a s p e c e s  of t h e  probZem o f  
d e t e r m i n i n g  t h e  p e r m i s s i b  Ze dose of i o n i z i n g  r a 
d i a t i o n  f o r  t h e  crew of s p a c e c r a f t  a re  examined 
i n  t h i s  a r t i c Z e .  

I t  i s  proposed  t h a t  t h e  foZZowing t h r e e  
ZeveZs of d o s e s  be r e g u t a t e d :  t h e  p e r m i s s i b Z e
dose ( P D ) ,  t h e  dose of warran ted  r i s k  ( D W R ) ,  and 
t h e  c r i t i c a Z  dose ( C D ) .  I t  i s  shown t h a t  t h e  
vaZues for t h e s e  doses  shouZd vary  f o r  b r i e f  
space f Z i g h t s  and for Zonger- term and Zonger
range f Z i g h t s  i n  space .  

On t h e  b a s i s  of an a n a Z y s i s  of t h e  cZ in icaZ  
o b s e r v a t i o n s ,  t h e  a u t h o r s  c o n s i d e r  t h a t  t h e  PD,  
D W R ,  and C D  for b r i e f  space f Z i g h t s  a r e  1 5 ,  5 0 ,  and 
1 2 5  r ,  r e s p e c t i v e l y .  

I t  i s  w e l l  known t h a t  o n e  o f  t h e  i n e v i t a b l e  f a c t o r s  a f f e c t i n g  /476  
human b e i n g s  d u r i n g  a s p a c e  f l i g h t  i s  i o n i z i n g  r a d i a t i o n .  The 
r a d i a t i o n  d u r i n g  a f l i g h t  comes f r o m  t h r e e  p r i n c i p a l  s o u r c e s  o f  
r a d i a t i o n :  g a l a c t i c  c o s m i c  r a d i a t i o n  (GCR), t h e  r a d i a t i o n  b e l t s  
o f  t h e  E a r t h ,  a n d  t h e  r a d i a t i o n  wh ich  a c c o m p a n i e s  s o l a r  f l a r e s .  

A c c o r d i n g  t o  c o n t e m p o r a r y  d a t a ,  t h e  d o s e  r a t e  o f  G C R  i n  i n t e r 
p l a n e t a r y  s p a c e  i s  34-35  m r a d / d a y .  The d o s e  o f  r a d i a t i o n  f r o m  t h e  
r a d i a t i o n  b e l t s  o f  t h e  E a r t h ,  on t h e  b a s i s  o f  t h e  a v a i l a b l e  d a t a  
C231,  c a n  b e  e q u a l  t o  3-5 r a d  f o r  a f l i g h t  t h r o u g h  t h e m ,  w i t h  a 
s h i e l d  o f  1 0  g / c m 2 .  The r a d i a t i o n  d a n g e r  l i n k e d  w i t h  s o l a r  f l a r e s  
d e p e n d s  on t h e  c y c l e  o f  t h e  s o l a r  a c t i v i t y  a n d  t h e  d u r a t i o n  o f  t h e  
f l i g h t .  The i n t e n s i t y  o f  t h e  c o r p u s c u l a r  s t r e a m s  g e n e r a t e d  by  i n 
d i v i d u a l  s o l a r  f l a r e s  c a n  d i f f e r  by s e v e r a l  o r d e r s  o f  m a g n i t u d e .  
A c c o r d i n g  t o  t h e  m o s t  r e c e n t  i n f o r m a t i o n  C241,  f o r  a p r o t e c t i o n  o f  
10 g / c m 2 ,  t h e  p r o t o n s  o f  s o l a r  f l a r e s  c a n  p r o d u c e  a m i d - t i s s u l a r  
d o s e  up t o  35 r a d .  

I n  t h e  l i g h t  o f  t h e s e  d a t a ,  d u r i n g  a f l i g h t  o v e r  t h e  c o u r s e  
E a r t h - M o o n - E a r t h  l a s t i n g  10 -15  d a y s  C 7 ,  11, 5 3 1  w i t h  a p r o t e c t i o n  
o f  1 0  g / c m 2 ,  t h e  a s t r o n a u t s  c a n  b e  s u b j e c t e d  t o  t h e  e f f e c t  o f  c o s 
m i c  r a d i a t i o n  w i t h i n  t h e  l i m i t s  o f  d o s e s  f r o m  4 t o  40 r a d ,  de 
p e n d i n g  on  t h e  s o l a r  a c t i v i t y .  For f l i g h t s  t o  o t h e r  p l a n e t s  i n  t h e  

-

t A r t i c l e  p r e s e n t e d  a t  t h e  XVIth I n t e r n a t i o n a l  A s t r o n a u t i c a l  C o n g r e s s  , 
A t h e n s ,  S e p t e m b e r  1 3 - 1 8 ,  1 9 6 5 .  
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S o l a r  S y s t e m ,  d e p e n d i n g  on t h e  l e n g t h  o f  t h e  f l i g h t ,  t h e  t o t a l  

GCR d o s e  a b s o r b e d  c a n  a l s o  i n c r e a s e .  M o r e o v e r ,  u n d e r  t h e  c o n d i t i o n s  

o f  a p r o l o n g e d  f l i g h t ,  t h e r e  i s  a l s o  t h e  p o s s i b i l i t y  t h a t  t h e  a s t r o  

n a u t s  w i l l  b e  e x p o s e d  t o  c o r p u s c u l a r  s t reams f r o m  s o l a r  f l a r e s  w h i c h  

d i f f e r  g r e a t l y  i n  i n t e n s i t y .  


T h u s ,  c a l c u l a t i o n s  show t h a t  t h e  crew o f  a c r a f t  c a n  b e  a f 
f e c t e d  d u r i n g  s p a c e  f l i g h t ,  by  c o s m i c  r a d i a t i o n  i n  d o s e s  w h i c h  ex
c e e d  t h e  e x i s t i n g  no rms  f o r  o c c u p a t i o n a l  e x p o s u r e .  M o r e o v e r ,  f o r  
t e c h n o l o g i c a l  r e a s o n s  C 5 1 1 ,  i t  i s  i m p o s s i b l e  t o  e q u i p  a s p a c e c r a f t  
w i t h  a p r o t e c t i o n  f r o m  c o s m i c  r a d i a t i o n  w h i c h  w o u l d  d e c r e a s e  t h e  
d o s e  t o  t h e  l e v e l s  r e g u l a t e d  by t h e  I n t e r n a t i o n a l  Commiss ion  on 
R a d i a t i o n  P r o t e c t i o n  C411.  

C o n s i d e r i n g  t h e  a b o v e ,  a n d  n o t i n g  t h a t  t h e  number  o f  p e r s o n s  
who a r e  a s t r o n a u t s  by  p r o f e s s i o n  i s  v e r y  l i m i t e d ,  w e  c o n s i d e r  i t  / 4 7 7  
e x p e d i e n t  t o  make a s p e c i a l  c l a s s i f i c a t i o n  o f  t h e  l e v e l s  o f  r a d i a 
t i o n  w h i c h  c a n  b e  u s e d  i n  e v a l u a t i n g  t h e  r a d i a t i o n  d a n g e r  o f  b r i e f  
a n d  p r o l o n g e d  f l i g h t s .  

I n  our o p i n i o n  C 1 6 1 ,  we c a n  s p e c i f y  t h e  f o l l o w i n g  t h r e e  c a t e 
g o r i e s  o f  d o s e s :  t h e  p e r m i s s i b l e  d o s e  ( P D ) ;  t h e  d o s e  o f  w a r r a n t e d  
r i s k  (DWR); t h e  c r i t i c a l  d o s e  (CD) .  

We a r e  s u g g e s t i n g  t h a t ,  f o r  b r i e f  f l i g h t s ,  t h e  e f f e c t  o f  t h e  
c o s m i c  r a d i a t i o n  ( d u e  t o  t h e  G C R ,  t h e  w i d t h  o f  t h e  r a d i a t i o n  b e l t s  
o f  t h e  E a r t h ,  a n d  t h e  s o l a r  f l a r e s )  s h o u l d  be.  t a k e n  c o n d i t i o n a l l y  
as a s i n g l e  e f f e c t ,  a l t h o u g h  t h e  i r r a d i a t i o n  c o u l d  l a s t  s e v e r a l  
d a y s .  I n  t h i s  c a s e  , we a r e  i n t e n t i o n a l l y  e x a g g e r a t i n g  t h e  a n t i c i p a t e d  
e f f e c t  s i n c e  t h e  r e c o v e r y  p r o c e s s e s  a r e  more p r o n o u n c e d  f o r  a p r o 
l o n g e d  or f r a c t i o n a t e d  e f f e c t .  T h e r e f o r e ,  t h i s  a s s u m p t i o n  c a n  b e  
c o n s i d e r e d  c o m p l e t e l y  v a l i d ,  p a r t i c u l a r l y  b e c a u s e  i t  i s  i n t e n d e d  
f o r  t h e  a d v a n t a g e  o f  t h e  a s t r o n a u t .  

For p r o l o n g e d  f l i g h t s ,  t h e  i r r a d i a t i o n  f r o m  t h e  G C R  s h o u l d  b e  
t a k e n  as c h r o n i c ,  as s h o u l d  t h e  r e p e a t e d  a c u t e  e f f e c t s  o f  t h e  
p r o t o n s  f r o m  s o l a r  f l a r e s .  

On t h e  b a s i s  o f  t h e  a r g u m e n t s  p r e s e n t e d  a b o v e ,  i t  i s  n e c e s s a r y  
t o  e x a m i n e  s e p a r a t e l y  t h e  m a t e r i a l s  on t h e  d e t e r m i n a t i o n  o f  t h e  
p e r m i s s i b l e  d o s e s  o f  i o n i z i n g  r a d i a t i o n  f o r  b r i e f  f l i g h t s  a n d  f o r  
p r o l o n g e d  o n e s .  

I n  o r d e r  t o  e v a l u a t e  t h e  p e r m i s s i b l e  d o s e s  f o r  b r i e f  f l i g h t s ,  
w e  c a n  u s e  o b s e r v a t i o n s  on p e r s o n s  who w e r e  s u b j e c t e d  t o  i r r a d i a t i o n  
d u r i n g  a c c i d e n t s  a n d  a t o m i c  e x p l o s i o n s ,  as w e l l  as o b s e r v a t i o n s  o f  
t h e  r e a c t i o n s  o f  p e r s o n s  who w e r e  i r r a d i a t e d  f o r  t h e r a p e u t i c  p u r 
p o s e s .  

For b r i e f  f l i g h t s ,  t h e  p r i n c i p a l  d a n g e r  l i e s  i n  t h e  r a d i a t i o n  
o f  s o l a r  f l a r e s  w h i c h  g e n e r a t e  d o s e s  on t h e  o r d e r  o f  t e n s  o f  r a d s  
b e y o n d  t h e  e x i s t i n g  p r o t e c t i v e  a r r a n g e m e n t s .  I n  r e l a t i o n  t o  t h i s ,  
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w e  deem it  n e c e s s a r y  ( i n  o r d e r  t o  e s t a b l i s h  t h e  v a l u e  o f  t h e  p e r 
m i s s i b l e  d o s e )  t o  u s e  m a t e r i a l s  f r o m  c l i n i c a l  o b s e r v a t i o n s  o f  a 
g e n e r a l  f r a c t i o h a t e d  i r r a d i a t i o n  f o r  t h e r a p e u t i c  p u r p o s e s .  The  14. 
v a l u e  o f  t h e  d a t a  f r o m  t h e s e  s t u d i e s  i s  t h a t  when i r r a d i a t i o n  i s  
u s e d  i n  c l i n i c s ,  t h e r e  is. t h e  p o s s i b i l i t y ,  f i r s t  o f  a l l ,  f o r  ob
t a i n i n g  a p r e l i m i n a r y  e v a l u a t i o n  o f  t h e  c o n d i t i o n  o f  t h e  i r r a d i a t e d  
s u b j e c t s ;  s e c o n d l y ,  t h e r e  i s  t h e  p o s s i b i l i t y  o f  m a k i n g  a n  a c c u r a t e  
e v a l u a t i o n  o f  t h e  d o s e  o f  r a d i a t i o n  r e c e i v e d ,  w h i c h  c o r r e s p o n d s  
( t o  some d e g r e e )  t o  t h e  v a l u e s  o f  t h e  d o s e s  t.o w h i c h  a n  a s t r o n a u t  
c a n  b e  e x p o s e d  d u r i n g  a s o l a r  f l a r e  a n d  w h i c h  n a y  e x c e e d  h i s  
p r o t e c t i o n .  

We h a d  t h e  p o s s i b i l i t y  o f  o b s e r v i n g  9 7  p e o p l e ,  m o s t l y  women, 
who were  s u b j e c t e d  t o  s u b - t o t a l  i r r a d i a t i o n ,  e i t h e r  f o r  p r o p h y l a c t i c  
p u r p o s e s  a f t e r  a r a d i c a l  o p e r a t i o n  i n  c o n n e c t i o n  w i t h  a mmary car 
c i n o m a  i n  t h e  s e c o n d  or t h i r d  s t a g e s ,  or i n  c o n n e c t i o n  w i t h  a 
m e t a s t a t i c  p r o c e s s ,  a l s o  p r i m a r i l y  o f  mammary c a r c i n o m a  [ 1 7 ,  2 1 ,  221 .  
We u s e d  t h i s  m e t h o d  o f  i r r a d i a t i o n  on t h e  b a s i s  o f  a l o n g e r  e x p e r 
i m e n t  u s i n g  t o t a l  i r r a d i a t i o n  i n  o n c o l o g i c a l  p r a c t i c e  [ 6 2 ,  6 8 ,  7 3 ,  
a n d  o t h e r s ] .  The s u b j e c t s  w e r e  30 t o  60 y e a r s  o l d ;  m o s t  w e r e  40 
t o  5 0 .  The s u b j e c t s  w e r e  m a i n l y  i n  a s a t i s f a c t o r y  c o n d i t i o n  b e f o r e  
t h e  i r r a d i a t i o n  , w h i c h  a l l o w e d  a c c o m p l i s h i n g  t h e  r a d i a t i o n  t h e r a p y  
u n d e r  a m b u l a t o r y  c o n d i t i o n s .  A l l  t h e  s u b j e c t s  u n d e r w e n t  i r r a d i a 
t i o n  by t h e  RUM-3 x - r a y  a p p a r a t u s  a t  1 8 0  kV, 1 5  m a ,  w i t h  a f i l t e r  
o f  0 . 5  m m  Cu t 1 . 0  m m  A l ,  a d i s t a n c e  f r o m  t h e  s o u r c e  t o  t h e  c e n t e r  
o f  t h e  body  o f  1 2 0  c m ,  a n d  a d o s e  r a t e  o f  3 . 6 - 5 . 0  r / m i n .  The u p p e r  
a n d  l o w e r  h a l v e s  o f  t h e  body  were  i r r a d i a t e d  i n  t u r n ,  f r o m  t h e  
f r o n t  a n d  f r o m  t h e  b a c k .  The i r r a d i a t i o n  w a s  i n  a s i n g l e  d o s e  o f  
2 5  r e v e r y  d a y ,  or ( i n  some c a s e s )  up t o  t o t a l  d o s e s  o f  1 0 0 - 3 0 0  r 
i n  a d a y .  

The r e a c t i o n s  o f  t h e  s u b j e c t s  t o  t h e  r a d i a t i o n  were  d e t e r m i n e d  
by  c o n s i d e r i n g  t h e i r  g e n e r a l  c o n d i t i o n  a n d  t h e  d y n a m i c s  o f  t h e  c h a n g e s  
i n  t h e  p e r i p h e r a l  b l o o d .  The c l i n i c a l  symptoms o f  a p r i m a r y  / 4
r e a c t i o n  w e r e  d e t e r m i n e d  a c c o r d i n g  t o  t h e  f o l l o w i n g  t h r e e  d e g r e e s  
o f  s e v e r i t y :  

The f i r s t - d e g r e e  r e a c t i o n  i n v o l v e d  symptoms o f  a g e n e r a l  
r e a c t i o n  w h i c h  a p p e a r e d  i n f r e q u e n t l y  a n d  w e r e  n o t  v e r y  p r o n o u n c e d  
( a  s l i g h t  w e a k n e s s  , h e a d a c h e ,  n a u s e a ,  d e c r e a s e  o f  a p p e t i t e  , m i l d  
v e r t i g o ,  e t c .  ) .  

The s e c o n d - d e g r e e  r e a c t i o n  i n v o l v e d  symptoms w h i c h  l e d  t o  a 
c e r t a i n  d e c r e a s e  o f  t h e  w o r k i n g  c a p a c i t y  ( g e n e r a l  w e a k n e s s ,  p e r 
s i s t e n t  n a u s e a ,  a n  e m e t i c  p e r i o d ,  a p r o n o u n c e d  d e c r e a s e  o f  a p p e t i t e ,  
o l f a c t o r y  a n d  t a s t e  d i s t o r t i o n s  , h e a d a c h e  , v e r t i g o  , e t c ) .  

The t h i r d - d e g r e e  r e a c t i o n  i n v o l v e d  symptoms w h i c h  c a u s e d  a 
p r o n o u n c e d  d e c r e a s e  o f  t h e  w o r k i n g  c a p a c i t y  ( i n t e n s e  g e n e r a l  
w e a k n e s s  , l a c k  o f  a p p e t i t e ,  i n t e n s e  n a u s e a ,  many e m e t i c  p e r i o d s ,  
a p a t h y ,  a n  i n c r e a s e  o f  t h e  body  t e m p e r a t u r e ,  c h i l l s ,  a p r o n o u n c e d  
d i s t o r t i o n  o f  t a s t e  a n d  o l f a c t i o n ,  a s t r o n g  h e a d a c h e ,  s e v e r e  v e r t i g o .  
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THE RATE A N D  S E V E R I T Y  OF THE G E N E R A L  R E A C T I O N  VERSUS THE DOSE 

R e  a c t i o n  Degree  o f  S ’ e v e r i t y  o f  t h e  C l i n i c a l  Symptoms 

No 
C l i n i c a l  P r o n o u n c e d  F i r s t  Deg. Second  Deg. T h i r d  Deg. 
Symptoms 

a, a, 

0 

01 0-l C d  m 
4-1P C l c  a,@ k P  
o v  a >  TJ> 0 0  

a, TJFC 
* . a n  4 a, .rl h a, O .: 

O A  +lc, & a ,  * *n . AC P  O Q  

- -- --
I 

25 
50 
I5 

97 
69 
66 

I9 
41 
35 
29 

86.1 12,6-88.1 
66,l 55.8-18.6 
53,1 38.4-63,O 
47.6 34.0-59.9 

18 
22 
31 
32 

18.6 
33.3 
49.6 
52.4 

11.3-27,4 
20.9-43, I 
34.63-59.6 
39.1-65,3 

10 10,2 5.0- !9.6 
15 21,7 14,0-36,2 
26 39.3 30.0-55.9 
22 36.0 29,3-57,7 

6 6.1 2,644.5 
6 8.8 4,2-22.7 
5 7.7 4.2-26.8 

10 1 6 4  13,0-42,1 

2.1 0.3-4.0 
1.4 0.1--10,0- -- -

15 35,l 21,6-52,O 21 64,3 48,0-18,4 18 42,@ 36,3--72.9 7 16,6 13,9-54,9 4,6 I 1,536,O 

2 3  % :E % o c  2 2  % g :  %
VI V V H  01 

17 42.5 27.0-59.1 23 57.5 40.9-13 9 0  16 40.0 33.8-66.5 4 10.0 5.4-41.9 
17 50,O , 32;4-61,6 11 50 .O 32,4--61.6 10 29,4 19,4-57,7 5 14.7 7.8-45.3 

290 1 32 I 16 50.0 31,9-68,1 16 50.0 31,9-68,1 12 37,5 24.5-62,B 3 9 *4 3,4-39,6 
225 15 ~ 10 66,l , 5 33,3 5 
250 10 6 60.0 4 40.0 

3 I 4278 L 
$<The s u b j e c t s  were i r r a d i a t e d  i n  r e p e a t e d  d o s e s  o 2 5  r ,  as a r u l e ,  
e v e r y  d a y .  We c o n s i d e r e d  t h e  t o t a l  d o s e  as a s i n g l e  i r r a d i a t i o n .  



. ... . 

The r e s u l t s  o f  t h e  o b s e r v a t i o n s  c o n s i d e r i n g  t h e  d e g r e e  o f  
s e v e r i t y  o f  t h e  symptoms o f  t h e  p r i m a r y  r e a c t i o n ,  i n  r e l a t i o n  t o  
t h e  v a l u e  f o r  t h e  d o s e  o f  r a d i a t i o n ,  a r e  shown i n  t h e  t a b l e .  T h e s e  
d a t a  show t h a t  m o s t  s u b j e c t s  t o l e r a t e d  i r r a d i a t i o n  i n  d o s e s  o f  25 
a n d  50 r v e r y  w e l l  ( 8 1 . 6  a n d  6 6 . 7 % ,  r e s p e c t i v e l y ) .  Wi th  a f u r t h e r  
i n c r e a s e  o f  t h e  t o t a l  d o s e ,  t h e r e  w a s  a d e c r e a s e  i n  t h e  number  o f  
p e o p l e  who showed  n o  p r i m a r y  r e a c t i o n  t o  t h e  i r r a d i a t i o n .  For a 
d o s e  o f  1 2 5  r ,  o n l y  3 5 . 8 %  o f  t h e  s u b j e c t s  showed n o  c l i n i c a l  
symptoms o f  a g e n e r a l  r e a c t i o n .  

T h e r e  w a s  a s t a t i s t i c a l l y  r e l i a b l e  r e g u l a r i t y  f o u n d  i n  t h e  
i n c r e a s e  i n  f r e q u e n c y  o f  r e a c t i o n a r y  symptoms d u r i n g  i r r a d i a t i o n  
up t o  a t o t a l  d o s e  o f  1 2 5  r ,  a n d  a s u b s e q u e n t  s t a b i l i z a t i o n  o f  t h e  /480  
c l i n i c a l  symptoms w a s  f o u n d  w i t h i n  t h e  r a n g e  o f  d o s e s  f r o m  1 2 5  t o  
2 0 0  r ( s u c h  a s t a b i l i z a t i o n  w a s  p r o b a b l y  l i n k e d  w i t h  t h e  p o s s i b i l i t y  
o f  u s i n g  s u c h  v a l u e s  o f  t h e  t o t a l  d o s e s  f o r  s u b j e c t s  who were r e 
s i s t a n t  t o  t h e  r a d i a t i o n  e f f e c t ) .  

For mos t  o f  t h e  s u b j e c t s ,  t h e  p r i m a r y  r e a c t i o n  w a s  n o t  v e r y  
p r o n o u n c e d ,  a n d  we e v a l u a t e d  i t  as a f i r s t - d e g r e e  r e a c t i o n .  The 
r e g u l a r i t y  o f  t h e  i n c r e a s e  o f  t h e  f i r s t - a n d  s e c o n d - d e g r e e  r e a c t i o n  
i n  r e l a t i o n  t o  t h e  t o t a l  d o s e s  o f  i r r a d i a t i o n  w a s  a p p r o x i m a t e l y  
i d e n t i c a l ,  w i t h  a maximum a t  a d o s e  o f  1 0 0 - 1 2 5  r .  The t h i r d - d e g r e e  
r e a c t i o n  a p p e a r e d  m a i n l y  when t h e  summary d o s e  r e a c h e d  1 2 5  r ,  w i t h  
a maximum a t  a d o s e  of 1 5 0  r .  

An a n a l y s i s  o f  t h e  s e p a r a t e  symptoms ,  l i k e  an a n a l y s i s  o f  t h e  
r e a c t i o n  on t h e  w h o l e ,  showed  a g r a d u a l  i n c r e a s e  i n  t h e  f r e q u e n c y  
o f  s u c h  symptoms as  g e n e r a l  w e a k n e s s ,  l o s s  o f  a p p e t i t e ,  a n d  
n a u s e a .  A p r o n o u n c e d  i n c r e a s e  o f  t h e s e  symptoms w a s  n o t e d  a f t e r  
i r r a d i a t i o n  w i t h  a t o t a l  d o s e  o f  7 5  r ,  a n d  t h e  maximum i n c r e a s e  
w a s  n o t e d  w i t h i n  t h e  l i m i t s  o f  1 2 5 - 1 5 0  r .  We s h o u l d  n o t e  t h a t  
t h e r e  w a s  an i n c r e a s e  i n  t h e  c a s e s  o f  e m e s i s  f o r  t h e  p a t i e n t s  a f t e r  
i r r a d i a t i o n  i n  t o t a l  d o s e s  o f  1 2 5 - 1 7 5  r .  

We d i d  n o t  o b s e r v e  any  c l e a r  r e l a t i o n s h i p  b e t w e e n  t h e  g e n e r a l  
r e a c t i o n  a n d  c h a n g e s  i n  t h e  p e r i p h e r a l  b l o o d .  A maximum d e c r e a s e  
i n  t h e  amount  o f  l e u k o c y t e s  w a s  n o t e d  d u r i n g  t h e  p e r i o d s  f r o m  t h e  
3 5 t h  t o  t h e  5 5 t h  d a y s ,  r e g a r d l e s s  o f  t h e  t o t a l  d o s e  r e c e i v e d  
w i t h i n  t h e  r a n g e  o f  2 0 0 - 4 0 0  r a n d  t h e  d e g r e e  o f  s e v e r i t y  o f  t h e  
g e n e r a l  r e a c t i o n .  

However ,  w e  s h o u l d  n o t e  t h a t  t h e r e  were i n d i v i d u a l  cases when 
a p r i m a r y  r e a c t i o n  o f  t h e  s e c o n d  or t h i r d  d e g r e e  a p p e a r e d  d u r i n g  
i r r a d i a t i o n  i n  d o s e s  o f  25 a n d  50 r.  We o b s e r v e d  t h e  a p p e a r a n c e  
o f  i n t e n s e  g e n e r a l  w e a k n e s s  v e r t i g o ,  h e a d a c h e ,  loss o f  a p p e t i t e ,  
a n d  i n t e n s e  n a u s e a  i n  7 s u b j e c t s  ( o u t  o f  9 7 )  a f t e r  t h e  f i rs t  f r r a 
d i a t i o n ;  i n  t h r e e  ca ses ,  w e  e v e n  o b s e r v e d  emesis. For 3 o u t  of  
t h e s e  7 s u b j e c t s ,  t h e  a p p e a r a n c e  o f  t h e s e  symptoms s e r v e d  as t h e  
r e a s o n  f o r  t e r m i n a t i n g  t h e  e x p e r i m e n t .  I t  i s  t r u e  t h a t  f o r  o n e  
s u b j e c t  we c o u l d  n e v e r  m a i n t a i n  t o  any  d e g r e e  o f  r e l i a b i l i t y  t h a t  
t h e  w o r s e n i n g  o f  t h e  c o n d i t i o n  w a s  l i n k e d  s o l e l y  w i t h  t h e  e f f e c t  o f  
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r a d i a t i o n ,  s i n c e  t h i s  s u b j e c t  showed p r o n o u n c e d  v e g e t a t i v e  d y s t o n i a  
b e f o r e  i r r a d i a t i o n .  A c c o r d i n g  t o  t h e  c l i n i c a l  i n d i c a t i o n s ,  w e  
s t i l l  a t t e m p t e d  a r e p e a t e d  i r r a d i a t i o n  i n  t h e  o t h e r  f o u r  cases,  
a f t e r  v a r i o u s  i n t e r v a l s  o f  t i m e  ( f r o m  1 d a y  t o  6 m o n t h s )  , a n d  a l l  
f o u r  s u b j e c t s  a g a i n  showed a p r o n o u n c e d  r e a c t i o n  s i m i l a r  t o  t h e  
r e a c t i o n  t o  t h e  f i r s t  i r r a d i a t i o n  (or more s e v e r e ) .  I n  a d d . i t i o n  t o  
t h e s e  7 c a s e s ,  3 o t h e r  s u b j e c t s  showed a s e c o n d - d e g r e e  r e a c t i o n  
a f t e r  t h e  s e c o n d  i r r a d i a t i o n  (when t h e  t o t a l  d o s e  o f  i r r a d i a t i o n  
w a s  50 r ) .  Thus ,  i n  1 0  s u b j e c t s  w e  o b s e r v e d  a n  e a r l i e r  p r o n o u n c e d  
p r i m a r y  r e a c t i o n  t o  t h e  r a d i a t i o n  e f f e c t  i n  a d o s e  of  25-50 r .  

P r o o f  t h a t  t h e r e  w a s  a r e a c t i o n  t o  i r r a d i a t i o n  i n  t h i s  g r o u p  
o f  s u b j e c t s  a n d  n o t  a w o r s e n i n g  o f  t h e  c o n d i t i o n  r e l a t e d  t o  t h e  
o r i g i n a l  a i l m e n t  w a s  p r o v i d e d  f i r s t  o f  a l l  by  t h e  f a c t  t h a t  w i t h i n  
2 - 3  d a y s  a f t e r  t h e  t e r m i n a t i o n  o f  t h e  i r r a d i a t i o n ,  a l l  t h e  a b o v e -
m e n t i o n e d  symptoms d i s a p p e a r e d ;  s e c o n d l y ,  t h e  r e p e a t e d  r a d i a t i o n  / 4 8 1  
e f f e c t  a g a i n  c a u s e d  t h e  a p p e a r a n c e  o f  t h e  same symptoms as were 
f o u n d  a f t e r  t h e  f i r s t  i r r a d i a t i o n .  B e c a u s e  o f  t h i s  g r o u p ,  w e  ob 
t a i n e d  a c e r t a i n  i n c r e a s e  i n  t h e  f r e q u e n c y  o f  a p p e a r a n c e  o f  s e c o n d -
a n d  t h i r d - d e g r e e  r e a c t i o n s  f o r  d o s e s  o f  25 a n d  50  r .  I n  c o n t r a s t  
t o  t h i s  g r o u p  o f  s u b j e c t s  w i t h  p r o n o u n c e d  r e a c t i o n  t o  t h e  r a d i a t i o n  
e f f e c t ,  a n o t h e r  g r o u p  o f  1 4  s u b j e c t s  u n d e r w e n t  i r r a d i a t i o n  w i t h o u t  
a n y  symptoms o f  a p r i m a r y  r e a c t i o n ,  or w i t h  o n l y  i n s i g n i f i c a n t  
s i g n s  o f  i t .  With  t h e s e  s u b j e c t s ,  we h a d  t h e  p o s s i b i l i t y  o f  com
p l e t i n g  t h e  p l a n n e d  c o u r s e  o f  i r r a d i a t i o n ,  l e a d i n g  t o  t o t a l  d o s e s  
up t o .  2 0 0 - 4 0 0  r .  

Our o b s e r v a t i o n s ,  as w e l l  as s i n g l e  cases  o f  an  e a r l y  g e n e r a l  
r e a c t i o n  i n  p e r s o n s  d e s c r i b e d  by M i l l e r  [ 6 7 ]  a n d  M e d i n g e r  [ 6 6 ]  f o r  
i r r a d i a t i o n  by d o s e s  on t h e  o r d e r  o f  25-50 r ,  show t h e  p r e s e n c e  i n  
some o f  them o f  a v e r y  h i g h  r a d i a t i o n  s e n s i t i v i t y ,  a n d  t h e y  i n d i c a t e  
t h e  n e c e s s i t y  f o r  a s p e c i a l  s e l e c t i o n  o f  c a n d i d a t e s  for s p a c e  
f l i g h t s .  T h i s  i s  a l s o  c o n f i r m e d  by  t h e  d a t a  o f  e x p e r i m e n t a l  s t u d i e s  
[10,12]. However ,  as w a s  n o t e d  e a r l i e r ,  we s h o u l d  c o n s i d e r  t h a t  
t h e r e  i s  a s t r i c t  s e l e c t i o n  o f  c o m p l e t e l y  h e a l t h y  p e o p l e  who u n d e r 
go s p e c i a l  t r a i n i n g  f o r  s p a c e  f l i g h t  w h i l e  u n d e r  t h e  c o n d i t i o n s  of 
t h e  r a d i o l o g i c a l  c l i n i c ;  t h e  p e o p l e  u n d e r g o  i r r a d i a t i o n  m a i n l y  i n  
c o n n e c t i o n  w i t h  m a l i g n a n t  n e o f o r m a t i o n s  'or a f t e r  c o n s i d e r a b l e  
o p e r a t i v e  i n t e r v e n t i o n s - a n d  v a r i o u s  t y p e s  o f  t h e r a p y ,  wh ich  u n q u e s 
t i o n a b l y  mus t  b e  r e f l e c t e d  i n  t h e  g e n e r a l  c o n d i t i o n  a n d  t h e  r e a c t i v 
i t y  o f  t h e  o r g a n i s m .  

T h u s ,  h a v i n g  e v a l u a t e d  t h e  f r e q u e n c y  a n d  d e g r e e  o f  s e v e r i t y  
of  t h e  p r i m a r y  r e a c t i o n  on t h e  s h o l e ,  we can  n o t e  t h a t  u n d e r  our 
c o n d i t i o n s  o f  f r a c t i o n a t e d  i r r a d i a t i o n ,  mos t  o f  t h e  s u b j e c t s  showed 
e i t h e r  n o  r e a c t i o n  or a n  i n s i g n i f i c a n t  o n e  ( f i r s t - d e g r e e  r e a c t i o n )  
f o r  a l l  t h e  d o s a g e  l e v e l s  we i m p o s e d .  Even f o r  t o t a l  d o s e s  o f  1 2 5  
r a n d  h i g h e r ,  a b o u t  8 0 %  o f  t h e  p e o p l e  b e l o n g e d  t o  t h i s  g r o u p .  
S i m i l a r  d a t a  w e r e  o b t a i n e d  by  M e d i n g e r  C 6 6 1 .  

O t h e r  m a t e r i a l s  for d e t e r m i n i n g  t h e  p e r m i s s i b l e  l e v e l s  o f  
r a d i a t i o n  u n d e r  t h e  c o n d i t i o n s  o f  b r i e f  s p a c e  f l i g h t s  c a n  b e  f o u n d  
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i n  c l i n i c a l  o b s e r v a t i o n s  o f  t h e  r e a c t i o n s  o f  s u b j e c t s  t o  s i n g l e  
g e n e r a l  i r r a d i a t i o n s  i n  l a r g e  d o s e s  ( f a i l u r e s  o f  r e a c t o r s  d u r i n g  
more  or l e s s  u n i f o r m  i r r a d i a t i o n ,  t h e  e f f e c t  o f  a n  a t o m i c  e x p l o s i o n ,  
i r r a d i a t i o n  i n  l a r g e  d o s e s  f o r  t h e r a p e u t i c a l  p u r p o s e s ) .  Depend ing  
on t h e  i n t e n s i t y  o f  t h e  c l i n i c a l  symptoms a n d  t h e  l e v e l  o f  t h e  
i r r a d i a t i o n  d o s e s ,  w e  s u b d i v i d e d  a l l  t h e  o b s e r v a t i o n s  i n t o  2 g r o u p s .  

The f i r s t  g r o u p ,  a c c o r d i n g  t o  t h e  c l a s s i f i c a t i o n  o f  G . D .  
B a y s o g o l o v  a n d  A . K .  G u s ' k o v a  [l] r e f e r r e d  t o  t h o s  s u b j e c t s  f o r  
whom t h e  v a l u e  o f  t h e  i r r a d i a t i o n  d o s e  d i d  n o t  e x c e e d  250 rem. 
Such  a r e  Cases 6 a n d  7 o f  [ S l ] ,  C a s e s  1 a n d  2 . o f  C601, Case  5 o f  
C521, t h e  g r o u p  of  p e o p l e  s u f f e r i n g  f r o m  a n  a t o m i c  e x p l o s i o n  a t  
t h e  a t o l l  o f  R e n g e l e p p a ,  w i t h  a r a d i a t i o n  d o s e  o f  1 7 2  r C541, C a s e  
11 o f  C641,  a n d  a n o t h e r  30 cases i n  C671. 

For t h e  s e c o n d  g r o u p  o f  o b s e r v a t i o n s ,  w e  i n c l u d e d  t h o s e  o f  / 4 8 2  
S o v i e t  r e s e a r c h e r s  c 2 ,  3,  1 8 1  as w e l l  as O b s e r v a t i o n s  Nos. 2 ,  3 ,  
a n d  4 o f  Andrews e t  a l .  E521 a n d  t h e  o b s e r v a t i o n s  on t h e  p o s t r a 
d i a t i o n  e f f e c t s  a t  H i r o s h i m a  a n d  N a g a s a k i  C451. The d o s e  o f  i r r a 
d i a t i o n  f o r  mos t  o f  t h e  p e o p l e  i n  t h i s  g r o u p  w a s  w i t h i n  t h e  r a n g e  
o f  250-400 rem.  

An a n a l y s i s  o f  t h e  o b s e r v a t i o n s  o f  t h e  f i r s t  g r o u p  shows t h a t ,  
f o r  i r r a d i a t i o n  i n  d o s e s  o f  100-250  r ,  mos t  o f  t h e  s u b j e c t s  show a 
p r i m a r y  r e a c t i o n  w h i c h  l a s t s  1 - 3  d a y s .  I n  t h i s  c a s e ,  s i g n s  o f  
g e n e r a l  f u n c t i o n a l  d i s o r d e r s  , i n  c o m b i n a t i o n  w i t h  s l i g h t  t i s s u l a r  
damage ( m o d e r a t e  d e c r s a s e  o f  t h e  r e d  c e l l s  i n  t h e  b o n e  marrow,  
l y m p h o p e n i a ,  l e u k o p e n i a ,  t h r o m b o c y t o p e n i a )  , p r e d o m i n a t e  i n  t h e  
p r i m a r y  r e a c t i o n .  

T y p i c a l  f o r  t h e  s e c o n d  g r o u p  o f  s u b j , e c t s  w a s  t h e  p r e s e n c e  o f  
a p r o n o u n c e d  p r i m a r y  r e a c t i o n  wh ich  l a s t e d  2 -3  d a y s ,  w i t h  f e a t u r e s  
o f  a c l e a r  t i s s u l a r  damage ( s i g n i f i c a n t  d e c r e a s e  i n  t h e  number  o f  
new m e d u l l a r y  c e l l s ,  p r o n o u n c e d  l e u k o p e n i a ,  l y m p h o p e n i a ,  a n d  
t h r o m b o c y t o p e n i a ,  w i t h  s u b s e q u e n t  p r o n o u n c e d  c l i n i c a l  s i g n s  o f  
r a d i a t i o n  s i c k n e s s .  

I n  e v a l u a t i n g  t h e  P D ,  DWR, and  C D  o f  t h e  r a d i a t i o n  f o r  b r i e f  
s p a c e  f l i g h t s ,  w e  s h o u l d  k e e p  i n  mind  a number  o f  f e a t u r e s  wh ich  
do  n o t  h a v e  t o  b e  c o n s i d e r e d  i n  o t h e r  s i t u a t i o n s .  I n  p a r t i c u l a r ,  
i n  o r d e r  t o  e v a l u a t e  t h e  r a d i a t i o n  d a n g e r  o f  s p a c e  f l i g h t s ,  we 
s h o u l d  c o n s i d e r  t h e  p o s s i b l e  a p p e a r a n c e  o f  a p r i m a r y  r e a c t i o n  t o  
t h e  r a d i a t i o n  e f f e c t ,  s i n c e  t h e  a p p e a r a n c e  o f  a s e c o n d - d e g r e e  
r e a c t i o n  ( a n d ,  i n  p a r t i c u l a r ,  a t h i r d - d e g r e e  r e a c t i o n )  c a n  e n t a i l  
s e r i o u s  a f t e r  e f f e c t s .  From t h e  m a t e r i a l s  w e  h a v e  p r e s e n t e d ,  i t  
f o l l o w s  t h a t  w i t h  a s i n g l e  i r r a d i a t i o n  i n  a d o s e  o f  25 r ,  t h e r e  a r e  
s i n g l e  c a s e s  o f  a p r i m a r y  r e a c t i o n  o f  t h e  s e c o n d  or t h i r d  d e g r e e ;  
s u c h  a d o s e  c a n  n o t  b e  c o n s i d e r e d  as  p e r m i s s i b l e  u n d e r  t h e  con
d i t i o n s  o f  b r i e f  f l i g h t s .  We c o n s i d e r  i t  e x p e d i e n t  t o  s e t  t h e  
p e r m i s s i b l e  d o s e  a t  1 5  rem [ 1 6 ] .  F o r  s u c h  a d o s e ,  t h e r e  a r e  c e r 
t a i n l y  n o  s o m a t i c  e f f e c t s  o b s e r v e d  c 3 8 ,  5 7 1 ,  w h i l e  minimum d i s o r d e r s  
i n . t h e  f o r m  o f  h e m a t o l o g i c a l  c h a n g e s  a r e  d e t e r m i n e d  o n l y  on t h e  
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b a s i s  o f  a s t a t i s t i c a l  a n a l y s i s  o f  t h e  r e s u l t s  o b t a i n e d  f o r  t h e  
b l o o d  c o n t e n t  i n  a l a r g e  number  o f  i r r a d i a t e d  s u b j e c t s  c 5 7 ,  7 1 ,  7 2 1 .  
A l e t h a l  r e s u l t  o f  i r r a d i a t i o n  i n  a d o s e  o f  50 r i s  c o m p l e t e l y  
e x c l u d e d .  C o n s i d e r i n g  t h e  a b o v e ,  a d o s e  of  50 r e m  w o u l d  b e  c o n s i d e r e d  
by  u s  t o  b e  a d o s e  o f  w a r r a n t e d  r i s k .  

The maximum i n c r e a s e  i n  t h e  f r e q u e n c y  o f  p r i m a r y  r e a c t i o n s ,  
on t h e  b a s i s  o f  our s t u d i e s ,  ( i . e . ,  f o r  f r a c t i o n a t e d  i r r a d i a t i o n ) ,  
i s  o b s e r v e d  f o r  a d o s e  o f  1 2 5  r ( 6 4 % ) .  I n  t h i s  c a s e ,  t h e  number  
o f  cases  f o r  a s e c o n d - or t h i r d - d e g r e e  r e a c t i o n  i n c r e a s e s  up t o  / 4 8 3  
2 1 . 3 % .  For t h e  s i n g l e  e f f e c t  i n  a d o s e  o f  125-175  r C671,  7 o u t  o f  
1 2  s u b j e c t s  showed  a p r o n o u n c e d  p r i m a r y  r e a c t i o n  a c c o m p a n i e d  by 
emes i s  C711. I n  c o m p a r i n g  o u r  d a t a  w i t h  t h e  r e s u l t s  o b t a i n e d  by  
G e r t s n e r  [ 5 8 ] ,  w e  c a n  e s t a b l i s h  t h a t ,  f o r  a s i n g l e  e f f e c t ,  t h e r e  
i s  a more  i n t e n s e  i n c r e a s e  i n  t h e  f r e q u e n c y  o f  p r o n o u n c e d  p r i m a r y  
r e a c t i o n s  w i t h  a n  i n c r e a s e  o f  t h e  d o s e  t h a n  f o r  f r a c ' t i o n a t e d  i r r a 
d i a t i o n .  

On t h e  b a s i s  o f  t h e s e  d a t a ,  a n d  c o n s i d e r i n g  t h e  s t r i c t  s e l e c t i o n  
a n d  t r a i n i n g  o f  t h e  a s t r o n a u t s  i n  p r e p a r i n g  f o r  s p a c e  f l i g h t ,  w e  
c a n  c o n s i d e r  1 2 5  r as t h e  c r i t i c a l  d o s e  d u r i n g  b r i e f  f l i g h t s  C 1 6 1 .  
A f u r t h e r  i n c r e a s e  o f  t h e  d o s e  c o u l d  l e a d  t o  t h e  d e v e l o p m e n t  o f  
a c u t e  r a d i a t i o n  s i c k n e s s ,  w h i c h  c a l l s  f o r  t h e r a p e u t i c  a n d  p r o p h y 
l a c t i c  m e a s u r e s .  

A much more  c o m p l i c a t e d  p r o b l e m  i n v o l v e s  d e t e r m i n i n g  t h e  norm 
f o r  p r o l o n g e d  s p a c e  f l i g h t s .  For t h e  E a r t h - M a r s - E a r t h  r u n ,  t h e  
d u r a t i o n  o f  t h e  f l i g h t  i s  o b v i o u s l y  2 . 5  t o  3 y e a r s  [ 5 , 3 2 3 .  For 
t h i s  p e r i o d ,  t h e  t o t a l  d o s e  o f  i r r a d i a t i o n  d u e  t o  G C R  c a n  b e  e q u a l  
t o  6 9 - 9 1  r e m / y e a r ,  or 1 7 4 - 2 7 4  r e m  p e r  f l i g h t  [ 2 3 , 2 4 1 ,  w h i l e  t h e  
r a d i a t i o n  o f  s o l a r  f l a r e s  c a n  i n c r e a s e  t h e  y e a r l y  d o s e ,  e v e n  w i t h  
a p r o t e c t i o n  o f  25 g / c m 2 ,  r o u g h l y  up t o  550 r e m / y e a r  [ 5 9 1 .  

C o n s i d e r i n g  t h e  d u r a t i o n  o f  t h e  f l i g h t s  C2.5-3  y e a r s ) ,  t h e  
r a d i a t i o n  e f f e c t  due  t o  t h e  G C R  u n d e r  t h e s e  c o n d i t i o n s  c a n  b e  
c a l c u l a t e d  as c h r o n i c .  I t  f o l l o w s  f r o m  t h i s  t h a t  i f  i n  o r d e r  t o  
d e t e r m i n e  t h e  d o s e s  f o r  b r i e f  f l i g h t  i t  i s  n e c e s s a r y  t o  c o n s i d e r  
t h e  p r i m a r y  r e a c t i o n  t o  i r r a d i a t i o n ,  t h e n  f o r  p r o l o n g e d  f l i g h t s  
w e  s h o u l d  k e e p  i n  m i n d  t h e  a p p e a r a n c e  o f  a r a d i a t i o n  e f f e c t  d u r i n g  
more r e m o t e  p e r i o d s .  T h e r e f c r e ,  it i s  o f  g r e a t  i m p o r t a n c e  t h a t  
w e  s t u d y  t h e  m a t e r i a l s  w h i c h  i n v o l v e  a p r o l o n g e d  r a d i a t i o n  e f f e c t  
u n d e r  o c c u p a t i o n a l  c o n d i t i o n s  a n d  u n d e r  e x p e r i m e n t a l  o n e s .  

Our  own e x p e r i m e n t  [ 5 9 ] ,  t h e  d a t a  o f  o t h e r  r e s e a r c h e r s  c 3 ,  
2 5 ,  3 9 1 ,  a n d  a n  a n a l y s i s  o f  t h e  many m a t e r i a l s  summed up by  t h e  
ICRP , g i v e  u s  t h e  p o s s i b i l i t y  f o r  m a k i n g  a c l i n i c a l  d e t e r m i n a t i o n  
o f  t h e  p e r m i s s i b l e  l e v e l s  o f  t h e  e f f e c t  i n  r e l a t i o n  t o  p r o l o n g e d  
s p a c e  f l i g h t s .  

For t h e  c l i n i c a l  c h a r a c t e r i s t i c  o f  t h e  c h r o n i c  e f f e c t  o f  
r a d i a t i o n  , w e  f o u n d  t h a t  t h e  f o l l o w i n g  g r o u p i n g  o f  o b s e r v a t i o n s ,  
i n  r e l a t i o n  t o  t h e  l e v e l  f o r  t h e  d o s e s  o f  i r r a d i a t i o n ,  s h o u l d  b e  
made:  
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Group 1: Those  w o r k i n g  w i t h  r e a c t o r s  C501, a c c e l e r a t o r s  [ 9 ,  2 0 ,  
2 6 ,  301 ,  a n d  n e u t r o n  c o r e s  [ 3 5 ,  4 0 1 ,  as w e l l  as r a d i o l o g i s t s  who 
b e g a n  w o r k i n g  d u r i n g  t h e  l a s t  3-5 y e a r s ,  a n d  m o s t  o f  t h s e  who u s e  
i s o t o p e s  i n  s c i e n c e - r e s e a r c h  i n s t i t u t e s .  The t o t a l  v a l u e s  o f  t h e  
i r r a d i a t i o n  d o s e s  , a c c o r d i n g  t o  c a l c u l a t i o n s  as w e l l  as m e a s u r e m e n t s  , 
d i d  n o t  e x c e e d  30-50 r e m ,  d e p e n d i n g  on t h e  s t a g e  o f  t h e  work ( 6 - 7  
y e a r s ) ,  a n d  w e r e  o f t e n  e q u a l  t o  15 -30  rem.  

On t h e  b a s i s  o f  t h e  c l i n i c a l  c h a r a c t e r i s t i c s  f o r  t h e s e  p e o p l e ,  
t h e r e  were n o  d i f f e r e n c e s  i n  t h e  d a t a  f o r  t h e  c o n t r o l  g r o u p s  
[13-15, 42-46 ,  491 .  T h e r e  w e r e  o n l y  c e r t a i n  f u n c t i o n a l  c h a n g e s  i n  / 4 8 4  
s e p a r a t e  o r g a n s  a n d  s y s t e m s  d u r i n g  s p e c i a l  c l i n i c a l  p h y s i o l o g i c a l  
s t u d i e s .  T h e s e  c h a n g e s  d i d  n o t  a f f e c t  t h e  w o r k i n g  c a p a c i t y ,  t h e y  
d i d  n o t  p r o g r e s s ,  a n d  t h e y  e v e n  l e v e l e d  o f f  i n  t h e  c o u r s e  o f  p r o 
l o n g e d  d y n a m i c  o b s e r v a t i o n .  

Group 11: Those  who h a d  b e e n  w o r k i n g  l o n g e r  (10-15 y e a r s ) ,  
r a d i o l o g i s t s  ( d u r i n g  t h e  f i r s t  y e a r s  o f  t h e i r  w o r k ,  t h e  maximum 
v a l u e  f o r  t h e  o c c u p a t i o n a l  r a d i a t i o n  s t r e s s  w a s  1 5  r e m / y e a r ) ,  l i m 
i t e d  g r o u p s  o f  r a d i o g r a p h e r s  [ 4 2 , 4 8 ]  , a n d  o p e r a t o r s  o f  c e r t a i n  
e x p e r i m e n t a l  a p p a r a t u s .  T h e s e  p e o p l e  u n d e r w e n t  i r r a d i a t i o n  wh ich  
w a s  n o t  u n i f o r m  i n  t i m e  ( t h e y  r e c e i v e d  2 / 3  - 4 / 5  o f  t h e  t o t a l  d o s e  
o f  5 0 - 1 5 0  r d u r i n g  t h e  f i r s t  y e a r s  o f  w o r k ) .  I n  t h i s  g r o u p ,  we 
f o u n d  a more r e g u l a r  v e g e t a t i v e - v a s c u l a r  i n s t a b i l i t y ;  i n  some c a s e s ,  
t h e r e  w e r e  c l i n i c a l  symptoms o f  n e u r o c i r c u l a t o r y  d y s t o n i a  o f  hypo-
t o n i c  t y p e ,  a n d  h y p o f u n c t i o n  o f  t h e  g a s t r i c  s e c r e t o r y  a p p a r a t u s .  
I n  a p p r o a c h i n g  t h e  u p p e r  r a n g e  o f  d o s e s ,  t h e r e  s o m e t i m e s  d e v e l o p e d  
a c h r o n i c  r a d i a t i o n  s i c k n e s s  o f  t h e  f i r s t  d e g r e e .  T h e s e  c h a n g e s  
o c c u r  g r a d u a l l y ,  and  t h e y  r e g r e s s  f o r  2-5 y e a r s ,  when t h e  i r r a d i 
a t i o n  i s  t e r m i n a t e d  or i t s  l e v e l  i s  d e c r e a s e d  t o  t h e  a c c e p t e d  
p e r m i s s i b l e  maximum. 

Group 3: M a i n l y  r a d i o l o g i s t s  who h a d  worked  f o r  2 0  y e a r s  a n d  
m o r e ,  or t h o s e  who h a d  p r e p a r e d  r a d i u m  p r e p a r a t i o n s  a n d  r a d i u m -
b e a r i n g  p h o s p h o r s .  T h i s  g r o u p  r e p r e s e n t s  t h e  s m a l l e s t  number  o f  
p e o p l e .  The t o t a l  v a l u e s  o f  d o s e s  o f  x - r a y s  or y - r a y s  a r e  150-400 
r ,  a n d  e v e n  1000-2000  r C561. For t h e s e  p e o p l e ,  t h e  i n t e n s i t y  o f  
i r r a d i a t i o n  d u r i n g  d i f f e r e n t  y e a r s  c o u l d  e x c e e d  t h e  maximum 
p e r m i s s i b l e  d o s e  by 1 0 - 3 0  t i m e s .  T h e r e  i s  f o r m a t i o n  o f  a c l i n i c a l  
syndrome  o f  c h r o n i c  r a d i a t i o n  s i c k n e s s  o f  t h e  f i r s t  d e g r e e  a n d  
( l e s s  o f t e n )  o f  t h e  s e c o n d  d e g r e e  [ 1 , 3 , 1 9 , 4 2 ] .  The p e r i o d s  when 
c l i n i c a l  symptoms a p p e a r e d  c l e a r l y  c o r r e l a t e  w i t h  t h e  i n t e n s i t y  o f  
i r r a d i a t i o n  d u r i n g  c e r t a i n  y e a r s  ( u n w a r r a n t e d  v i o l a t i o n s  o f  t h e  
norms a n d  r u l e s  f o r  o p e r a t i o n ) .  The o v e r w h e l m i n g  m a j o r i t y  o f  
cases  i n  t h i s  g r o u p  i n v o l v e  t h e  a p p e a r a n c e  o f  r e m o t e  a f t e r  e f f e c t s  
f rom t h e  r a d i a t i o n  a n d  i s o l a t e d  h a r m f u l  r e s u l t s .  However ,  a c c o r d i n g  
t o  o u t  o b s e r v a t i o n s ,  e v e n  f o r  t h e  r a d i o l o g i s t s  who h a d  b e e n  w o r k i n g  
f o r  a l o n g  t i m e  ( G r o u p  I I I ) ,  f o r  whom t h e  v a l u e  o f  t h e  t o t a l  d o s e s  
f o r  t h e  mos t  r e c e n t  y e a r s  i n c r e a s e s  i n s i g n i f i c a n t l y ,  t h e r e  w a s  con 
s i d e r a b l e  i m p r o v e m e n t  o f  t h e  g e n e r a l  c o n d i t i o n ,  a n d  t h e  c l i n i c a l  
c h a r a c t e r i s t i c s  a p p r o a c h e d  t h e  o r i g i n a l  d a t a .  I n  t h i s  case ,  w e  
s h o u l d  e m p h a s i z e  t h a t  d u r i n g  t h e  t e r m i n a l  o b s e r v a t i o n a l  p e r i o d ,  
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o n l y  i n  1%o f  t h e  cases  were t h e r e  c h a n g e s  i n  t h e  o c c u p a t i o n a l  
c h a r a c t e r i s t i c s  i-471. 

T h u s ,  it f o l l o w s  f r o m  t h e  m a t e r i a l s  p r e s e n t e d  a b o v e  t h a t  t h e  
t o t a l  v a l u e  f o r  i r r a d i a t i o n  d o s e s  w h i c h  d i d  n o t  e x c e e d  100-150  r 
p r a c t i c a l l y  e x c l u d e s  t h e  p o s s i b i l i t y  t h a t  a c o m p r e h e n s i v e  s y n d r o m e  
o f  c h r o n i c  r a d i a t i o n  s i c k n e s s  m i g h t  a r i s e  d u r i n g  t h e  p e r i o d  
i m m e d i a t e l y  f o l l o w i n g  ( f r o m  1 t o  3 y e a r s  f r o m  t h e  moment o f  i r r a d i 
a t i o n .  I n  t h e  case o f  t h e  a p p e a r a n c e  o f  a r a d i a t i o n  s y n d r o m e ,  e v e n  /485  
i n  t h o s e  who were i r r a d i a t e d  by  r a t h e r  l a r g e  t o t a l  d o s e s  ( 1 5 0 - 4 0 0  r ) ,  
s ig n i  f i c a n t  r e p  a r a t  ive  -a d a p  t a t  ive p r o c e s  ses  a r e  p o s  s i b  l e  a f t  e r 
t e r m i n a t i o n  o f  t h e  e f f e c t .  A c c o r d i n g  t o  t h e  o p i n i o n  o f  A . K .  G u s 1 
k o v a  C 1 9 1  a n d  B .  R a y e v s k i y  C721, t h e  v a l u e  f o r  a d o s e  o f  70-100 r 
i s  l o w e r  t h a n  t h e  l e v e l  w h i c h  f o r e w a r n s  o f  i m m e d i a t e  s o m a t i c  
e f f e c t s .  A f t e r  i r r a d i a t i o n  i n  t h i s  r a n g e  o f  d o s e s ,  o n l y  m i l d  
c l i n i c a l  symptoms , w h i c h  a r e  c h a r a c t e r i s t i c  o f  c h r o n i c  r a d i a t i o n  
s i c k n e s s  i n  t h e  m o s t  s e n s i t i v e  i n d i v i d u a l s  , a r e  p o s s i b l e .  

The e x p e r i m e n t a l  d a t a  on c h r o n i c  i r r a d i a t i o n  o f  a n i m a l s  a r e  
o f  d e f i n i t e  i n t e r e s t  i n  e v a l u a t i n g  r a d i a t i o n  c h a n g e s  d u r i n g  p r o 
l o n g e d  s p a c e  f l i g h t s  , s i n c e  u n d e r  e x p e r i m e n t a l  c o n d i t i o n s  w e  c a n  
e v a l u a t e  t h e  v a l u e s  f o r  t h e  d o s e s  o f  i o n i z i n g  r a d i a t i o n  w i t h  g r e a t e r  
a c c u r a c y  a n d  w e  c a n  f o l l o w  t h e  b i o l o g i c a l  e f f e c t s  d e v e l o p i n g  i n  
t h i s  case w i t h  more  c l a r i t y .  From our p o i n t  o f  v i e w ,  p a r t i c u l a r  
v a l u e  m u s t  b e  a s s i g n e d  t o  t h o s e  e x p e r i m e n t a l  m a t e r i a l s  i n  w h i c h  
t h e r e  a r e  d a t a  on t h e  e f f e c t s  w h i c h  c a n  d e v e l o p  d u r i n g  i r r a d i a t i o n  
o f  t h e  c r e w  by  d o s e s  o f  r a d i a t i o n  w h i c h  c o r r e s p o n d  t o  t h e  b a c k 
g r o u n d  o f  t h e  G C R .  

An a n a l y s i s  o f  t h e  r e s u l t s  o f  a n u m b e r  o f  r e s e a r c h e r s ,  who 
i r r a d i a t e d  m i c e ,  r a t s ,  a n d  d o g s  f o r  s i x  m o n t h s ,  o n e  y e a r ,  or two  
a n d  o n e - h a l f  y e a r s  i n  d o s e s  o f  0 . 2 - 0 . 5  r / d a y ,  showed t h a t  d e f i n i t e  
c h a n g e s  d e v e l o p  i n  t h e  e x p e r i m e n t a l  a n i m a l s  d u r i n g  t h e s e  p e r i o d s :  
d i s o r d e r s  i n  h e m o p o e i s i s  , a c h a n g e  i n  t h e  q u a n t i t a t i v e  r e l a t i o n s h i p s  
b e t w e e n  n e u t r o p h i l s  a n d  l y m p h o c y t e s ,  a n d  ( i n  a number  o f  c a s e s )  
l e u k o p e n i a ,  t h r o m b o c y t o p e n i a ,  e t c .  [ 8 ,  2 7 ,  3 1 ,  5 5 ,  6 3 ,  701 ;  a d e 
c r e a s e  i n  t h e  p h a g o c y t i c  a c t i v i t y ,  t h e  o x y g e n  c a p a c i t y  o f  t h e  b l o o d ,  
a n d  t h e  c a t a l y t i c  i n d e x  C271;  a d e v e l o p m e n t  o f  d i s o r d e r s  i n  t h e  
r e p r o d u c t i v e  s y s t e m ,  as r e f l e c t e d  b y  a d e c r e a s e  i n  t h e  w e i g h t  i n d e x  
f o r  t h e  t e s t e s ,  a d e c r e a s e  i n  t h e  number  o f  s p e r m a t o z o a ,  a n d  t h e  
d e v e l o p m e n t  of a s p e r m i a  C27, 5 5 ,  7 0 1 .  I n  t h i s  c a s e ,  e x p e r i m e n t a l  
s t u d i e s  w h i c h  show t h a t  a g r a d u a l  r e c o v e r y  f r o m  t h e  d i s o r d e r s  i n  
h e m o p o e i s i s  i s  p o s s i b l e  a f t e r  t e r m i n a t i o n  o f  i r r a d i a t i o n  h a v e  
g r e a t  s i g n i f i c a n c e  [ 8 , 3 1 ] .  However ,  f o r  t h e  a n i m a l s  w h i c h  u n d e r 
w e n t  c h r o n i c  i r r a d i a t i o n ,  w e  c a n  e x p e c t  a n  i n c r e a s e  i n  t h e  a p p e a r a n c e  
o f  t u m o r s  a n d  a c e r t a i n  s h o r t e n i n g  o f  t h e  l i f e  e x p e c t a n c y  C651. 

A d e c r e a s e  i n  t h e  d o s e  o f  r a d i a t i o n  b y  one  o r d e r  o f  m a g n i t u d e ,  
u n d e r  s i m i l a r  c o n d i t i o n s  f o r  i r r a d i a t i o n ,  e i t h e r  c a u s e d  l e s s  p r o 
n o u n c e d  c h a n g e s  i n  t h e s e  p r o c e s s e s  [ 2 8 ,  3 1 ,  3 3 ,  371  or e l s e  t h e r e  
o c c u r r e d  a more  or l e s s  p r o n o u n c e d  e f f e c t  o f  s o - c a l l e d  " s t i m u l a 
t i o n " .  The l a t t e r  o c c u r r e d  w i t h  a c e r t a i n  i n c r e a s e  i n . t h e  r e l a t i v e  
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q u a n t i t y  o f  l e u k o c y t e s ,  a n  i n c r e a s e  i n  t h e  number  o f  s p e r m a t o z o a ,  
a n d  a c e r t a i n  i n c r e a s e  i n  t h e  l i f e - e x p e c t a n c y  o f  t h e  a n i m a l s  [ 2 7 ,  
3 3 ,  6 5 1 .  An i n c r e a s e  i n  t h e  d a i l y  a n d  t o t a l  v a l u e s  f o r  t h e  r a d i 
a t i o n  d o s e  by  o n e  o r d e r  o f  m a g n i t u d e  u n d e r  s i m i l a r  c o n d i t i o n s  f o r  
i r r a d i a t i o n ,  c a u s e d  a more i m m e d i a t e  d e v e l o p m e n t  ( a n d  a more m a r k e d  
a p p e a r a n c e )  o f  t h e s e  d i s o r d e r s  i n  h e m o p o e i s i s  , t h e  r e p r o d u c t i v e  
s y s t e m ,  a n d  o t h e r  i n d i c e s  [ 2 9 ,  3 4 ,  361 .  

On t h e  b a s i s  o f  t h e  a v a i l a b l e  i n f o r m a t i o n  on t h e  c h r o n i c  i r r a - / 4 8 6  
d i a t i o n  o f  humans as w e l l  as a n i m a l s ,  it i s  v a l i d  t o  assume t h a t  
c h r o n i c  i r r a d i a t i o n  up t o  a t o t a l  d o s e  o f  1 0 0  r e m / y e a r  f o r  3 y e a r s  
n o t  o n l y  d o e s  n o t  t h r e a t e n  a f a t a l  r e s u l t ,  b u t  a l s o  d o e s  n o t  c a u s e  
a s u b s t a n t i a l  b reakdown i n  t h e  w o r k i n g  c a p a c i t y  o f  t h e  c rew i n  t h e  
s p a c e c r a f t  d u r i n g  t h e  e n t i r e  f l i g h t .  T h i s  l e v e l  o f  r a d i a t i o n  c a n  
b e  c o n s i d e r e d  as t h e  d o s e  o f  w a r r a n t e d  r i s k  f o r  a s t r o n a u t s  d u r i n g  
t h e  f i r s t  p r o l o n g e d  s p a c e  f l i g h t s .  However ,  c o n s i d e r i n g  t h e  p o s s i 
b i l i t y  o f  r e m o t e  a f t e r  e f f e c t s  a n d  t h e  r e l a t i v e l y  s h o r t  p e r i o d  f o r  
c l i n i c a l  o b s e r v a t i o n s  t h u s  f a r ,  a d o s e  o f  1 0 0  r e m / y e a r  c a n  b e  con
s i d e r e d  as o n l y  t e n t a t i v e .  

F o r  an  u l t i m a t e  d e t e r m i n a t i o n  o f  t h e  v a l u e s  o f  p e r m i s s i b l e  
l e v e l s  o f  r a d i a t i o n  d u r i n g  f l i g h t s  t o  Mars a n d  o t h e r  f a r - o f f  p l a n e t s ,  
w e  n e e d  s p e c i a l  s t u d i e s .  They s h o u l d  b e  d i r e c t e d  t o w a r d  mak ing  t h e  
RBE v a l u e s  o f  a l l  t y p e s  o f  c o s m i c  r a d i a t i o n  more p r e c i s e ,  s t u d y i n g  
t h e  r e m o t e  a f t e r  e f f e c t s  i n  t h e  p r o c e s s e s  o f  a d a p t a t i o n ,  compensa
t i o n ,  a n d  r e c o v e r y  f r o m  t h e  c h a n g e s  i n  t h e  i r r a d i a t e d  o r g a n i s m ,  
a n d  s t u d y i n g  t h e  c o m b i n e d  e f f e c t  of  i o n i z i n g  r a d i a t i o n  and  o t h e r  
f a c t o r s  u n d e r  t h e  c o n d i t i o n s  o f  p r o l o n g e d  s p a c e  f l i g h t .  

1. 

2 .  

3 .  
4 .  

5 .  

6 .  

7 .  

8 .  

R E F E R E N C E S  

B a y s o g o l o v ,  G . D .  , a n d  A . K .  Gus 'kova : .  Med. R a d i o l o g i y a ,  V o l .  2 ,  
p p .  1 0 0 - 1 0 3 ,  1 9 6 4 .  

B a y s o g o l o v ,  G . D . ,  a n d  A . K .  G u s ' k o v a :  K l i n .  Med., Vo l .  11, p p .  
43 -56 ,  1 9 6 1 .  

B a y s o g o l o v ,  G . D . :  Med. R a d i o l o g i y a ,  Vo l .  1 2 ,  p p .  6 8 - 7 6 ,  1 9 6 2 .  
B a r a b a n o v a ,  A . V .  , a n d  A . K .  Gus ' k o v a :  K l i n .  Med. , V o l .  11, p p .  

1 3 7 - 1 3 8 ,  1 9 6 4 .  
B e l e t s k i y ,  V . V .  , a n d  V . A .  Yegorov :  K o s m i c h e s k i y e  I s s l e d o v a n i y a ,  

V o l .  3 ,  p p .  360-391 ,  1 9 6 4 .  
Bobkov,  V . G .  , V . P .  Demin, I . B .  Keyr im-Markus ,  Ye. Ye. K o v a l e v ,  

A . V .  L a r i c h e v ,  V . A .  S a k o v i c h ,  L . N .  S m i r e n n y y ,  a n d  M . A .  
S y c h k o v ,  i n :  R a d i a t s i o n n a y a  b e z o p a s n o s t '  p r i  k o s m i c h e s k i k h  
p o l e t a k h  ( R a d i a t i o n  S a f e t y  d u r i n g  S p a c e  F l i g h t s ) .  M O S C O W ,  
" A t o m i z d a t " ,  1 9 6 4 ,  p .  5 4 .  

Bukhgeym, R .  , i n :  S e y f e r t  , G .  ( e d ) :  K o s m i c h e s k a y a  t e k h n i k a  
( S p a c e  T e c h n o l o g y ) .  T r a n s l a t e d  f r o m  E n g l i s h  a n d  e d i t e d  b y  
A . I .  L u r ' y e ,  M O S C O W ,  "Nauka" ,  1 9 6 3 ,  Chap.  5 .  

Vaganova ,  N . T .  : Tez .  d o k l .  n a u c h n o y  k o n f .  V o s s t a n o v i t e l ' n y y e  
i k o m p e n s a t o r n y y e  p r o t s e s s y  p r i  l u c h e v o y  b o l e z n i  ( T h e s e s  o f  
R e p o r t s  P r e s e n t e d  a t  t h e  S c i e n t i f i c  C o n f e r e n c e  on R e c o v e r y  
a n d  C o m p e n s a t o r y  P r o c e s s e s  f o r  R a d i a t i o n  S i c k n e s s ) .  L e n i n 
g r a d ,  1 9 6 3 .  

5 2 7  

L 




9 .  

1 0 .  
11. 

1 2 .  

1 3 .  

1 4 .  

1 5 .  

1 6 .  

1 7 .  

1 8 .  

1 9 .  
2 0 .  

2 1 .  

2 2 .  

2 3 .  

V o l k o v i t s k a y a ,  V . V .  : G i g i y e n a  T r u d a  i P r o f z a b o l e v a n i y ,  Vo l .  
4 ,  p .  2 9 ,  1 9 6 1 .  

V o l o k h o v a ,  N . A . :  Med. R a d i o l o g i y a ,  Vo l .  11, p p .  40 -45 ,  1 9 6 4 .  
V o l y n k i n ,  Yu. M . ,  V . V .  A n t i p o v ,  V . A .  Guda ,  M . D .  N i k i t i n ,  a n d  

P . P .  S a k s o n o v :  Dok lad  n a  X V  Mezhdunar .  a s t r o n a v t .  k o n g r e s s e  
( P a p e r  P r e s e n t e d  a t  t h e  XVth I n t e r n a t i o n a l  A s t r n a u t i c a l  Con
g r e s s ) ,  W a r s a w ,  S e p t e m b e r  7 -12 ,  1 9 6 4 .  

G o r i z o n t o v ,  P . D .  , N . G .  D a r e n s k a y a ,  M.P. Domshlak , a n d  A . B .  
T s y p i n  , i n :  Voprosy  o b s h c h e y  r a d i o b i o l o g i i  ( P r o b l e m s  o f  
G e n e r a l  R a d i o b i o l o g y ) .  ( U n p u b l i s h e d ) .  

G r i b o v a ,  I . A . :  A v t o r e f .  k a n d .  d i s s .  ( A u t h o r ' s  A b s t r a c t  o f  a 
C a n d i d a t e  D i s s e r t a t i o n ) .  M O S C O W ,  1 9 6 3 .  

G r i b o v a ,  I . A . :  T e z .  d o k l .  k o n f .  molodykh n a u c h n y k h  r a b o t n i k o v .  
I n - t  g i g i e n y  t r u d a  i p r o f z a b o l e v a n i y  AMN SSSR ( T h e s e s  o f  
A r t i c l e s  P r e s e n t e d  a t  a C o n f e r e n c e  o f  Young S c i e n c e  W o r k e r s .  
I n s t i t u t e  o f  L a b o r  H y g i e n e  a n d  O c c u p a t i o n a l  D i s e a s e s  o f  t h e  
Academy o f  M e d i c a l  S c i e n c e s  o f t h e  U .S .S .R . ) ,  1 9 6 1 ,  p .  46.  

G r i b o v a ,  I . A . :  Tez .  d o k l .  k o n f .  molodykh n a u c h n y k h  r a b o t n i k o v .  
I n - t  g i g i e n y  t r u d a  i p r o f z a b o l e v a n i y  AMN SSSR ( T h e s e s  o f  
A r t i c l e s  P r e s e n t e d  a t  a C o n f e r e n c e  o f  Young S c i e n c e  W o r k e r s .  
I n s t i t u t e  o f  L a b o r  H y g i e n e  a n d  O c c u p a t i o n a l  D i s e a s e s  o f  t h e  
Academy o f  M e d i c a l  S c i e n c e s  o f  t h e  U .S .S .R . ) ,  1 9 6 1 ,  p .  31 .  

G r i g o r ' y e v ,  Yu. G . ,  Y e . Y e .  K o v a l e v ,  A . V .  L e b e d i n s k i y ,  Yu. G .  / 4 8 7  
N e f e d o v ,  V . G .  V y s o t s k i y ,  N .  I .  Ryzhov,  B . A .  M a r k e l o v ,  
L . N .  S m i r e n n y y ,  V . Y e .  Dudk in ,  a n d  N . N .  D e r b e n e v a :  K r i t e r i y  
r a d i a t s i o n n o y  b e z o p a s n o s t i  d l i t e l ' n y k h  k o s m i c h e s k i k h  p o l e t o v  
( C r i t e r i a  f o r  R a d i a t i o n  S a f e t y  d u r i n g  P r o l o n g e d  S p a c e  F l i g h t s ) .  
A r t i c l e  P r e s e n t e d  a t  t h e  S e c o n d  I n t e r n a t i o n a l  C o n g r e s s  
D e v o t e d  t o  "Man i n  S p a c e " ,  P a r i s ,  1 9 6 5 .  

G r i g o r ' y e v ,  Yu. G . :  M a t e r i a l y  P O  i z u c h e n i y u  r e a k t s i i  t s e n t r a 1 ' 
noy  n e r v n o y  s i s t e m y  c h e l o v e k a  n a  p r o n i k a y u s h c h e y e  i z l u c h e n i y e  
( M a t e r i a l s  on a S t u d y  o f  t h e  R e a c t i o n  o f  t h e  C e n t r a l  Nervous  
S y s t e m  o f  Man t o  P e n e t r a t i n g  R a d i a t i o n ) .  "Medgiz" ,  1 9 5 8 .  

G u s ' k o v a ,  A . K .  , a n d  G . D .  B a y s o g o l o v :  Dva s l u c h a y a  o s t r o y  
l u c h e v o y  b o l e z n i  u c h e l o v e k a  (Two C a s e s  o f  A c u t e  R a d i a t i o n  
S i c k n e s s  i n  Human B e i n g s ) .  M O S C O W ,  1 9 5 5 .  

G u s ' k o v a ,  A . K . :  Med. R a d i o l o g i y a ,  V o l .  3 ,  p p .  7 7 - 8 4 ,  1 9 6 2 .  
G u s ' k o v a ,  A . K . ,  A . I .  P o n i z o v s k a y a ,  Y e .  A .  D e n i s o v a ,  I . A .  

G r i b o v a ,  E . I .  L ' v o v s k a y a ,  V . V .  V o l k o v i t s k a y a ,  a n d  E . S .  K o t o v a :  
M a t e r i a l y  T r e t  ' y e y  n a u c h n o - p r a k t i c h e s k o y  k o n f e r e n t s i i  P O  
r a d i a t s i o n n o y  g i g i y e n e  ( M a t e r i a l s  o f  t h e  T h i r d  S c i e n t i f i c  
P r a c t i c a l  C o n f e r e n c e  on R a d i a t i o n  H y g i e n e ) .  L e n i n g r a d ,  1 9 6 3 ,  
p p .  29-30 

Domshlak ,  M . P . ,  G . A .  A v r u n i n a ,  Yu. G .  G r i g o r ' y e v ,  a n d  N . G .  
D a r e n s k a y a :  V e s t n i k  R e n t g e n o l .  i R a d i o l . ,  V o l .  2 ,  p p .  3 -10 ,  
1 9 5 7 .  

Domshlak ,  M.P.: O c h e r k i  k l i n i c h e s k o y  r a d i o l o g i i  ( F e a t u r e s  o f  
C l i n i c a l  R a d i o l o g y ) .  "Medgiz" ,  1 9 6 0 .  

Dudk in ,  V . Y e . ,  Y e . Y e .  K o v a l e v ,  L . N .  S m i r e n n y y ,  a n d  M . A .  
S y c h k o v ,  i n :  Voprosy  d o s i m e t r i i  i z a s h c h i t y  o t  i z l u c h e n i y  
( P r o b l e m s  o f  D o s i m e t r y  a n d  P r o t e c t i o n  f r o m  R a d i a t i o n ) .  
M O S C O W ,  " A t o m i z d a t " ,  1 9 6 4 ,  p p .  1 7 4 - 1 8 3 .  

528  



24 .  

2 5 .  

26 .  

2 7 .  

2 8 .  

2 9 .  

30 .  

3 1 .  
3 2 .  

3 3 .  

3 4 .  

35 .  

36 .  
3 7 .  

D u d k i n ,  V . Y e . ,  Y e . Y e .  K o v a l e v ,  L . N .  S m i r e n n y y ,  a n d  M . A .  
S y c h k o v ,  i n :  V o p r o s y  d o z i m e t r i i  i z a s h c h i t y  o t  i z l u c h e n i y :  
( P r o b l e m s  o f  D o s i m e t r y  a n d  P r o t e c t i o n  f r o m  R a d i a t i o n ) .  
M O S C O W ,  l l A t o m i z d a t l l ,  1 9 6 4 ,  p p .  1 6 8 - 1 7 3 .  

Z a s h c h i t a  r a b o t n i k o v  o t  i o n i z i r u y u s h c h e g o  i z l u c h e n i y a  ( P r o 
t e c t i n g  W o r k e r s  f r o m  I o n i z i n g  R a d i a t i o n ) .  A r t i c l e  P r e s e n t e d  
a t  t h e  I C A O ,  G e n e v a ,  A u g u s t ,  1 9 5 5 .  M O S C O W ,  F o r e i g n  Language  
P u b l i s h i n g  H o u s e ,  1 9 5 8 .  

Z o l i n ,  L . S .  , V . N .  L e b e d e v ,  a n d  M . I .  S a l a t s k a y a ;  Atomnaya  
E n e r g i y a ,  V o l .  1 8 ,  p .  5 ,  1 9 6 2 .  

K e y z e r ,  S.A. , K . V .  I v a n o v ,  Yu. S .  V a y l '  , M . G .  M o l c h a n o v a ,  
I . K .  C h e r n e n ' k i y ,  a n d  O . S .  S h e m y a k i n :  T rudy  k o n f e r e n t s i i  P O  
r a d i a t s i o n n o y  g i g i y e n e  ( T r a n s a c t i o n s  o f  t h e  C o n f e r e n c e  on 
R a d i a t i o n  H y g i e n e ) .  L e n i n g r a d ,  1 9 6 0 ,  p p .  1 5 4 - 1 6 0 .  

K e y z e r  , S . A .  , K .  V .  I v a n o v ,  0 .  A .  Z a v a l i s h i n a ,  a n d  M . G .  Molchanova :  
M a t e r i a l y  k o n f e r e n t s i i  P O  p rob lemam a d a p t a t s i i  , t r e n i r o v k i  
i d r u g i m  s p o s o b a m  p o v y s h e n i y a  u s t o y c h i v o s t i  o r g a n i z m a  
( M a t e r i a l s  o f  a C o n f e r e n c e  on t h e  P r o b l e m s  o f  A d a p t a t i o n ,  
T r a i n i n g ,  a n d  O t h e r  Methods  f o r  I n c r e a s i n g  a n  O r g a n i s m ' s  
R e s i s t a n c e ) .  S t a l i n o ,  1 9 6 0 .  

K e y s e r ,  S . A . ,  a n d  G . I .  B a l e s t a :  M a t e r i a l y  k o n f e r e n t s i i  P O  
p rob lemam a d a p t a t s i i  , t r e n i r o v k i  i d r u g i m  s p o s o b a m  p o v y s h e n 
i y a  u s t o y c h i v o s t i  o r g a n i z m a  ( M a t e r i a l s  o f  a C o n f e r e n c e  on 
t h e  P r o b l e m s  o f  A d a p t a t i o n ,  T r a i n i n g ,  a n d  O t h e r  Methods  f o r  
I n c r e a s i n g  a n  O r g a n i s m ' s  R e s i s t a n c e ) .  S t a l i n o  , 1 9 6 0 .  

Komochkov, M . M . :  T r u d y  s i m p o z i u m a  g i g i y e n y  t r u d a  p r i  r a b o t e  
s r a d ?  oak  t ivnymi ve  sh c h e s t  v a n 5  i i s  t o c h n  i k  a m i  i o n  i z i  r u y u s h  
c h e g o  i z l u c h e n i y a  ( T r a n s a c t i o n s  o f  a Symposium on L a b o r  
H y g i e n e  f o r  Work w i t h  R a d i o a c t i v e  M a t e r i a l s  a n d  S o u r c e s  o f  
I o n i a i n g  R a d i a t i o n ) .  M O S C O W ,  1 9 6 1 ,  p p .  1 4 - 1 8 .  

K o p y l o v a ,  Y e .  N . :  Dok lady  Akad. Med. Nauk S . S . S . R .  , No. 4 ,  1 9 5 9 .  
K r a f f t  , A . Y e . :  M e z h p l a n e t n y y e  p o l e t y  ( I n t e r p l a n e t a r y  F l i g h t s ) .  

C h a p t e r  6 . h  t h e  b o o k :  K o s m i c h e s k a y a  t e k h n i k a  ( S p a c e  T e c h n o l o g y ) .  
Mos cow, "Nauk a'' , 1 9  6 3 .  

K u d r i t s k i y  , Yu.K. : Trudy  K o n f e r e n t s i i  P O  r a d i a t s i o n n o y  g i g i y e n e  
( T r a n s a c t i o n s  o f  a C o n f e r e n c e  on R a d i a t i o n  H y g i e n e ) .  
L e n i n g r a d ,  1 9 6 0 .  

L a p t e v a - P o p o v a ,  M.S.  , i n :  O t d a l e n n y y e  p o s l e d s t v i y a  p o r a z h e n i y ,  
vy zvannykh  v o z  d e y s  t v i y e m  i o n ;  z i r u y u s h  c h e y  r a d i a t  s ii ( Remote 
A f t e r e f f e c t s  o f  Damage C a u s e d  by  t h e  E f f e c t  o f  I o n i z i n g  
R a d i a t i o n ) .  M O S C O W ,  1 9 5 9  , p p .  6 4 - 7 3 .  

M e l i k z a d e ,  T . M .  , i n :  T r u d y  k o n f .  molodykh n a u c h n y k h  r a b o t n i k o v .  
I n - t  g i g i y e n y  t r u d a  i p r o f z a b o l e v a n i y  ( I n  t h e  Book:  T r a n s 
a c t i o n s  o f  a C o n f e r e n c e  o f  Yound S c i e n c e  W o r k e r s .  I n s t i t u t e  
o f  L a b o r  H y g i e n e  a n d  O c c u p a t i o n a l  D i s e a s e s ) .  M O S C O W ,  Akad.  
Med. Nauk,  1 9 6 3 ,  p .  3 .  

M e y z e r o v ,  Ye .S . :  B i o f i z i k a ,  V o l ,  4 ,  p p .  4 6 0 - 4 7 0 ,  1 9 5 8 .  
Morgun,  Y e .  G . ,  P.A. Sakum, a n d  M.P. S t a n e t s :  M a t e r i a l y  

n a u c h n o y  k o n f e r e n t s i i  P O  voprosam b i o f i z i k i  i mekhan izma  
d e y s t v i y a  i o n i z i r u y u s h c h e y  r a d i a t s i i  ( M a t e r i a l s  o f  a 
S c i e n t i f i c  C o n f e r e n c e  on  t h e  P r o b l e m s  o f  B i o p h y s i c s  a n d  
t h e  Mechanism for t h e  E f f e c t  o f  I o n i z i n g  R a d i a t i o n ) .  K i e v , 1 9 6 0 .  

529  



38.  

39 .  

4 0 .  

4 1 .  

42 .  

4 3 .  

44 .  

45 .  

46 .  

47 .  

48 .  

4 9 .  

5 0 .  

5 1 .  
5 2 .  

53 .  

5 4 .  

55 .  

5 6 .  
57 .  
5 8 .  

P e t r o v ,  R . V .  , V . N .  P r a v e t s k i y ,  Yu. S .  S t e p a n o v ,  a n d  M.1. 
S h a l ' n o v :  Z a s h c h i t a  o t  r a d i o a k t i v n y k h  o s a d k o v  ( P r o t e c t i o n  
f r o m  R a d i o a c t i v e  F a l l o u t ) .  "Medgiz" ,  1 9 6 3 .  

P rob lemy  r a d i a t s i o n n o y  g i g i y e n y  ( P r o b l e m s  o f  R a d i a t i o n  H y g i e n e  ) , 
e d .  F.G.  K r o t k o v .  M e d g i z ,  1 9 6 3 .  / 4 8 8  

P r o s t a k o v a ,  V . I .  , R.S. B e l o v a ,  a n d  1.1. Y a n o v s k i y :  Med. R a d i 
o l o g i y a ,  Vo l .  2 ,  p p .  62 -65 ,  1 9 6 0 .  

R e k o m e n d a t s i i  M e z h d u r a r o d n o y  k o m i s s i i  P O  Z a s h c h i t e  o t  i z l u c h e n i y  
( R e c o m m e n d a t i o n s  o f  t h e  I n t e r n a t i o n a l  Commiss ion  o f  P r o 
t e c t i o n  f r o m  R a d i a t i o n ) .  Moscow-Len ingrad ,  1 9 6 2 .  

S o k o l o v ,  V . V .  : S o s t o y a n i y e  k r o v o t v o r e n i y a  p r i  k h r o n i c h e s k o m  
d e y s t v i i  malykh d o z  i o n i z i r u y u s h c h e y  r a d i a t s i i  ( H e m o p o i e t i c  
C o n d i t i o n  d u r i n g  t h e  C h r o n i c  A c t i o n  o f  S m a l l  Doses  o f  
I o n i z i n g  R a d i a t i o n ) .  A u t h o r ' s  A b s t r a c t  o f  a D o c t o r a l  
D i s s e r t a t i o n ,  M O S C O W ,  1 9 6 4 .  

S o k o l o v ,  V . V . ,  a n d  I . A .  G r i b o v a :  Med. R a d i o l o g i y a ,  V o l .  7 ,  
p p .  1 0 - 1 3 ,  1 9 6 0 .  

S o k o l o v a ,  V . V . ,  I . A .  G r i b o v a ,  Y e .  A .  S o l o v ' y e v a ,  e t  a l . :  G i g i 
y e n a  T r u d a  i P r o f z a b o l e v a n i y ,  Vo l .  1 2 ,  p p .  4 2 - 4 7 ,  1 9 6 3 .  

S o k o l o v ,  V . V .  , Y e .  A .  S o l o v ' y e v a ,  a n d  I . A .  G r i b o v a :  Med. 
R a d i o l o g i y a ,  Vo l .  7 ,  p p .  92 -93 ,  1 9 6 2 .  

S o k o l o v ,  V . V .  : M a t e r i a l y  y u b i l e y n o y  s e s s i i  , p o s v .  4 0 - l e t n i y u  
I n s t i t u t a  g i g i y e n y  t r u d a  i p r o f z a b o l e v a n i y  ( M a t e r i a l s  o f  an  
A n n i v e r s a r y  S e s s i o n  Commemorat ing t h e  4 0 t h  A n n i v e r s a r y  o f  
t h e  I n s t i t u t e  o f  L a b o r  H y g i e n e  a n d  O c c u p a t i o n a l  D i s e a s e s ) .  
M O S C O W  , 1 9 6 4  3 p p .  1.42-145. 

S o l d a t o v a ,  V . A .  , a n d  G . I .  K i r s a n o v a :  M e d i t s i n s k a y a  r a d i o l o g i y a  
( M e d i c a l  R a d i o l o g y ) .  ( U n p u b l i s h e d ) .  

S o l d a t o v a ,  V . A .  , a n d  G . I .  K i r s a n o v a :  T e z .  d o k l .  M a t e r i a l y  
molodezhnoy  k o n f e r e n t s i i  I n s t i t u t a  g i g i y e n y  t r u d a  i p r o f 
z a b o l e v a n i y  ( T h e s e s  o f  A r t i c l e s .  Ma te r i a l s  o f  a Youth  
C o n f e r e n c e  o f  t h e  I n s t i t u t e  o f  L a b o r  H y g i e n e  a n d  O c c u p a t i o n a l  
Diseases). Akad.  Med. Nauk S .S .S .R.  , 1 9 6 3 ,  p .  1 8 .  

S o l o v ' y e v a ,  Ye.A.:  A v t o r e f .  Kand. d i s s .  ( A u t h o r ' s  A b s t r a c t  o f  
a C a n d i d a t e  D i s s e r t a t i o n ) .  M O S C O W ,  1 9 6 3 .  

T a r a s e n k o ,  N.Yu. , I . G .  P r o s t a k o v a ,  a n d  N . N .  Rynkova:  G i g i e y n a  
t r u d a  p r i  r a b o t e  n a  a tomnykh e l e k t r o s t a n t s i y a k h .  ( L a b o r  
H y g i e n e  f o r  Work a t  Atomic  E l e c t r i c  Power  S t a t i o n s ) ,  i n  
t h e  b o o k :  "Moskva" (Moscow) , 1 9 6 0 .  

A b e l ,  I . :  P r e p r i n t .  A m e r .  A s t r o n .  S O C . ,  Vo l .  3 7 ,  p .  2 5 ,  1 9 6 2 .  
Andrews ,  G . A .  , B.W.  S i t t e r s e n ,  A . L .  K r e t c h m a r ,  a n d  M .  B r u c e r ,  

i n :  D i a g n o s t i c s  a n d  T h e r a p e u t i c s  f o r  A c u t e  R a d i a t i o n  
S i c k n e s s e s .  W H O  , Geneva ,  1 9 6 2 .  

Appleman,  H . S . :  E n v i r o n m e n t a l  S c i e n c e s ,  Vo l .  4 ,  No. 6 ,  p p .  1 0 
1 3 ,  1 9 6 1 .  

B i n d ,  V . P . ,  E . P .  C r o n k i t e ,  a n d  C . L .  Dunham: U n i t e d  S t a t e s  
A tomic  E n e r g y  Commission , J u l y  1 9 5 6 .  

Boche , R . D .  : B i o l o g i c a l  E f f e c t s  o f  E x t e r n a l  I r r a d i a t i o n  , USA 
E . C .  R e p o r t  U R - 1 2 1 ,  2 3 8 ,  1 9 5 0 ,  NSA, 2 2 2 ,  1 9 5 4 .  

B r a e s t r u p p ,  C . B . :  Annua l  J .  R o e n t g e n o l . ,  V o l .  7 8 ,  p .  9 8 8 ,  1 9 5 7 .  
C r o n k i t e ,  E . P . :  J .  A m .  Med. A s s .  , Vol .  1 3 9 ,  p .  366 ,  1 9 4 9 .  
G e r s t n e r ,  H . B . :  Annua l  Rev.  Med.,  Vo l .  11, p .  2 8 9 ,  1 9 6 0 .  

530 



5 9 .  

6 0 .  

6 1 .  

62 .  
6 3 .  

6 4 .  
6 5 .  

6 6 .  

6 7 .  

6 8 .  
6 9 .  

70 .  
71 .  
7 2 .  

73 .  

F o e l s c h e  , T .  : T h i r d  C o s p a r  M e e t i n g ,  W a s h i n g t o n ,  A p r i l  30 , 
May 11, 1 9 6 2 .  

H a s t e r l i k ,  R.S. , a n d  L . D .  M a r i n e l l i :  Dok lady  i n o s t r a n n y k h  
u c h e n y k h  n a  Mezhdunarodnoy  k o n f e r e n t s i i  P O  mirnomy i s p o l '  
z o v a n i y u  a tomnoy  e n e r g i i  ( A r t i c l e s  o f  F o r e i g n  S c i e n t i s t s  on 
t h e  I n t e r n a t i o n a l  C o n f e r e n c e  on t h e  P e a c e f u l  Uses o f  A t o m i c  
E n e r g y ) .  M O S C O W ,  1 9 5 6 ,  p .  37.  

Hempelmann,  L . A .  , H .  L i s c o ,  S.G. Hoffman:  Ann. S t e r n a l  Med. , 
V o l .  2 ,  p .  3 6 ,  1 9 5 2 .  

H e n b l e i n ,  A . C . :  R a d i o l o g y ,  Vo l .  1 8 ,  p .  1 0 5 1 ,  1 9 3 2 .  
I n g r e m ,  M . ,  N . B .  Masen:  N a t i o n a l  N u c l e a r  E n e r g y ,  S e i r e s  1 9 5 4 ,  

VI -2 ,  V o l .  11, p p .  253-267 .  
K i n g ,  E . K . :  U.S.Navy,  J E M A ,  Vo l .  1 7 7 ,  No. 9 ,  pp .  6 1 0 - 6 1 3 ,  1 9 6 1 .  
L o r e n s  , E .  , I . W .  K o l l e r o f t ,  E .  M i l l e r ,  Ch. C .  Congden ,  a n d  

S c h w e i s t h a l :  J. N a t .  C a n c e r  I n s t .  , V o l .  1 5 ,  1 0 4 9 - 1 0 - 5 8 ,  1 9 5 5 .  
M e d i n g e r ,  F.G. a n d  F . G r a v r r 1 :  J .  R o e n t g e n o l . ,  Vo l .  4 8 ,  p .  6 5 1 ,  

1 9 4 2 .  
M i l l e r ,  L .S .  , G . H .  F l e t c h e r  a n d  H . B .  G e r s t n e r :  R a d i a t .  R e s .  , 

V o l .  8 ,  No. 2 ,  p .  1 5 0 ,  1 9 5 8 .  
Mole ,  R . H . :  The B r i t .  J. R a d i o l . ,  V o l .  3 0 5 ,  p .  2 3 4 ,  1 9 5 3 .  
O u g h t e r s e n ,  A . W . ,  S .  W a r r e n , :  M e d i c a l  E f f e c t s  o f  t h e  A t o m i c  

Bomb i n  J a p a n ;  N . Y . ,  T o r o n t o ,  London ,  1 9 5 6 .  
P a p e ,  K . :  S t r a h l e n t h e r a p i e ,  V o l .  8 4 ,  p .  245-254 ,  1 9 5 1 .  
P l o u g h ,  H . H .  N u c l e o n i c s ,  V o l .  5 ,  p .  1 0 ,  1 9 5 2 .  
Rajegsky , B .  ( R a y e v s k i y  , B .  ) :  Dozy r a d i o a k t i v n y k h  i z l u c h e n i y  i 

i k h  d e y s t v i y e  n a  o r g a n i z m  ( D o s e s  o f  R a d i o a c t i v e  R a d i a t i o n  
a n d  t h e i r  E f f e c t  on a n  O r g a n i s m ) .  "Medgiz" ,  1 9 5 4 .  

T e s c h e n d o r f ,  W . :  S t r a h l e n t h e r a p i e ,  V o l .  2 6 ,  p .  720 ,  1 9 2 7 .  

5 3 1  



THE B A S I C  PRINCIPLES FOR OPTIMUM SHIELDING C)F NUCLEAR 
APPARATUS ON BOARD SPACECRAFT 

L .N .  V e s e l o v s k i y ,  Ye.Ye. K o v a l e v ,  V . G .  K u z n e t s o v ,  
Yu.G. N e f e d o v ,  V . I .  Popov, and V . A .  S a k o v i c h  

ABSTRACT:  P r i n c i p l e s  for p l a n n i n g  p r o t e c t i o n  from 
n u c l e a r  a p p a r a t u s  on board  s p a c e c r a f t  a r e  e s 
t a b Z i s h e d  i n  t h i s  a r t i c l e ;  t h e  n e c e s s i t y  is shown 
for changing  and s u p p  Zementing t h e  approaches  
for d e s i g n i n g  s h i e Z d i n g  of s t a t i o n a r y  z u c l e a r  
r e a c t o r s .  P a r t i c u Z a r  a t t e n t i o n  is g i v e n  t o  t h e  
se  Z e c t i o n  of c r i t e r i a  for r a d i a t i o n  s a f e t y .  These  
c r i t e r i a  a r e  h i g h l y  i m p o r t a n t  i n  f o r m u l a t i n g  t h e  
probZem of o p t i m i z a t i o n  of t h e  s h i e l d ,  for t h e  
purposes  of a c h i e v i n g  i t s  minimum p o s s i b l e  w e i g h t .  
The p r i n c i p Z e s  p r e s e n t e d  i n  t h e  a r t i c Z e  a l l o w  
for c o n s i d e r i n g  t h e  p a r t i c u l a r  f e a t u r e s  o f  u s i n g  
r e a c t o r s  on board t h e  s p a c e c r a f t .  

I t  i s  w e l l  known t h a t  f u t u r e  r e s e a r c h  a n d  c o n q u e s t  o f  o u t e r  / 4 8 9  
s p a c e  i s  i n s e p a r a b l y  c o n n e c t e d  w i t h  n u c l e a r  p o w e r  [l, 1 6 ,  193. I n  
r e l a t i o n  t o  t h i s ,  i n  o r d e r  t o  g u a r a n t e e  r a d i a t i o n  s a f e t y  d u r i n g  
s p a c e  f l i g h t s ,  t h e r e  s h o u l d  b e  a d v a n c e  p l a n n i n g  C3, 171 f o r  p r o 
t e c t i o n  f r o m  t h e  r a d i a t i o n  o f  n u c l e a r  p o w e r  p l a n t s  ( N P P )  a n d  n u 
c l e a r  j e t  e n g i n e s  ( N J E ) .  

A t  t h e  p r e s e n t ,  a l a r g e  e x p e r i m e n t  i s  b e i n g  d e v i s e d  f o r  
d e s i g n i n g  a r a d i a t i o n  s h i e l d  f o r  s t a t i o n a r y  a n d  p o r t a b l e  n u c l e a r  
i n s t a l l a t i o n s  [2, 4 - 6 ¶  7 - 1 2 ] .  T h i s  e x p e r i m e n t  w i l l  u n d o u b t e d l y  
i n v o l v e  d e s i g n i n g  a s h i e l d  f o r  n u c l e a r  a p p a r a t u s  a b o a r d  s p a c e c r a f t .  
However ,  t h e  r i g i d  w e i g h t  r e q u i r e m e n t s  f o r  a s h i e l d  a b o a r d  a 
s p a c e c r a f t  f o r c e  us  t o  f i n d  a d d i t i o n a l  p o s s i b i l i t i e s  f o r  d e c r e a s i n g  
t h e  w e i g h t  o f  t h e  s h i e l d .  T h e r e f o r e ,  i t  seems e x p e d i e n t  t o  u s  t o  
e x a m i n e  i n  d e t a i l  t h e  p r i n c i p a l  q u e s t i o n s  r e l a t e d  t o  t h e  p r o b l e m  
o f  s h i e l d i n g  a g a i n s t  n u c l e a r  a p p a r a t u s  on b o a r d  a s p a c e c r a f t .  

Modern m e t h o d s  o f  d e s i g n i n g  a s h i e l d  e s s e n t i a l y  l e a d  t o  a 
d e t e r m i n a t i o n  o f  t h e  r a d i a t i o n  d o s e  i n  t h e  p r o t e c t e d  r e g i o n ,  f o r  
d i f f e r e n t  v a r i a t i o n s  o f  t h e  s h i e l d i n g  i n s t a l l a t i o n s '  a n d  e q u i p m e n t .  
The v a r i a t i o n s  e x a m i n e d  a r e  s e l e c t e d  on t h e  b a s i s  o f  r e s u l t s  o f  
e x p e r i m e n t a l  or s i m u l . a t e d  t e s t s  w i t h  t h e  a p p a r a t u s  or w i t h  c o r r e s 
p o n d i n g  p r o t o t y p e s ,  c o n s i d e r i n g  t h e  g e n e r a l  s t r u c t u r e  o f  t h e  n u 
c l e a r  a p p a r a t u s .  By c o m p a r i n g  t h e  r e s u l t s  o f  c a l c u l a t i o n s  f o r  
d i f f e r e n t  v a r i a t i o n s ,  t h e  b e s t  ( ? . e . ,  t h o s e  w i t h  minimum w e i g h t )  
a r e  s e l e c t e d .  

A s u b s t a n t i a l  d i s a d v a n t a g e  o f  t h e s e  m e t h o d s  i s  t h a t  t h e y  d o  
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n o t  p r o v i d e  f o r  d e t e r m i n i n g  w h e t h e r  or n o t  t h e  b e s t  v a r i a t i o n  i s  
o p t i m a l ,  or how f a r  it i s  f r o m  b e i n g  o p t i m a l ,  s i n c e  i n  t h i s  case 
o n l y  p r e v i o u s l y - s e l e c t e d  v a r i a t i o n s  a r e  compared  a n d  a n  opt imum 
s o l u t i o n  may n o t  b e  f o u n d .  

O b v i o u s l y ,  a s u c c e s s f u l  s o l u t i o n  t o  t h e  p r o b l e m  o f  s h i e l d i n g  
a g a i n s t  t h e  r a d i a t i o n  f r o m  n u c l e a r  a p p a r a t u s  on  b o a r d  s p a c e c r a f t  / 4 9 0  
d e p e n d s  g r e a t l y  on t h e  c o r r e c t n e s s  o f  t h e  p r o b l e m ' s  f o r m u l a t i o n .  

We a r e  a t t e m p t i n g  t o  t r a c e  t h e  d e v e l o p m e n t  o f  t h e  p r i n c i p a l  
t e n d e n c i e s  i n  p l a n n i n g  a l o w - b u l k  s h i e l d ,  i n  o r d e r  t o  f o r m u l a t e  
t h e  p r o b l e m  o f  o p t i m i z a t i o n  o f  n u c l e a r  a p p a r a t u s  on b o a r d  s p a c e c r a f t .  

F O R M U L A T I O N  OF THE PROBLEM OF OPTIMIZATION OF A SHIELD 

I n  t h e  case o f  u s i n g  n u c l e a r  power  i n  a s p a c e c r a f t ,  w e  c a n  
c o n s i d e r  a s h i e l d  o p t i m a l  when i t  h a s  a minimum w e i g h t  a n d  s a t i s f i e s  
t h e  r e q u i r e m e n t s  i m p o s e d  on i t .  Such r e q u i r e m e n t s  c o u l d  b e  t h e  c r i 
t e r i a  f o r  r a d i a t i o n  s a f e t y ,  r a d i a t i o n  r e s i s t a n c e ,  e t c .  The w e i g h t  
o f  t h e  o p t i m a l  s h i e l d  d e p e n d s  p r i m a r i l y  on t h e  c o r r e c t  s e l e c t i o n  
o f  t h e s e  c r i t e r i a .  

A c c o r d i n g  t o  modern  c o n c e p t s  , t h e  b a s i c  e x t e n t  o f  r a d i a t i o n  
s a f e t y  f o r  a human b e i n g  d e p e n d s  on t h e  d o s e  o f  r a d i a t i o n  o b t a i n e d  
d u r i n g  a d e f i n i t e  p e r i o d  o f  o c c u p a t i o n a l  i r r a d i a t i o n .  The v a l u e  
f o r  t h e  maximum p e r m i s s i b l e  d o s e  c a n  c h a n g e ,  d e p e n d i n g  on t h e  
d e s i g n a t i o n  o f  t h e  e q u i p m e n t  a n d  t h e  c o n t i n g e n t  o f  p e o p l e  o p e r a t i n g  
i t .  T h e s e  c h a n g e s  a r e  r e l a t e d  t o  t h e  t y p e s  o f  r a d i o b i o l o g i c a l  
e f f e c t s  w h i c h  e x i s t  u n d e r  c o n c r e t e  c o n d i t i o n s .  

The r a t e d  l e v e l s  o f  r a d i a t i o n  a r e  d e t e r m i n e d  on t h e  b a s i s  o f  
t h e  maximum p e r m i s s i b l e  d o s e  as w e l l  as t h e  d e g r e e  o f  s e r v i c e a b i l i t y  
o f  v a r i o u s  e n v i r o n m e n t s ,  i . e . ,  by d e t e r m i n i n g  t h e  r e g u l a t i o n  o f  
t h e  c o n d i t i o n s  when a human b e i n g  i s  i n  a z o n e  o f  d a n g e r o u s  r a d i a t i o n .  
The f a c t  t h a t  i n  p r a c t i c e  t h e  maximum p e r m i s s i b l e  l e v e l s  l i m i t  t h e  
maximum v a l u e s  f o r  t h e  d o s e  r a t e  i n  e a c h  t y p e  o f  e n v i r o n m e n t  r e f l e c t s  
t h e  i n d e f i n i t e n e s s  o f  t h e  i n f o r m a t i o n  ( a p p l i e d  i n  d e s i g n i n g )  on t h e  
p r o b a b i l i t y  t h a t  t h e  s u b j e c t  w i l l  b e  l o c a t e d  a t  e a c h  p o i n t  i n  t h i s  
e n v i r o n m e n t ,  a n d  i t  g u a r a n t e e s  a c e r t a i n  s a f e t y  f a c t o r .  I t  f o l l o w s  
f r o m  t h i s  t h a t  t h e  l e s s  t h e  l i k e l i h o o d  t h a t  a human b e i n g  w i l l  b e  
a t  v a r i o u s  p o i n t s  i n  a z o n e  o f  d a n g e r o u s  r a d i a t i o n  i s  r e g u l a t e d ,  
t h e  more  t h e  s h i e l d  d i f f e r s  f r o m  a n  o p t i m a l  o n e .  

I n  t h e  s i m p l e s t  c a s e ,  when t h e  p e r m i s s i b l e  l e v e l s  o f  r a d i a t i o n  
a r e  i d e n t i c a l  i n  a l l  d i r e c t i o n s ,  o p t i m i z a t i o n  c a n  b e  o b t a i n e d  w i t h  
a s t r a t i f i e d  d i s t r i b u t i o n  o f  t h e  p r o t e c t i v e  m a t e r i a l .  Such  a 
s i m p l i f i e d  f o r m u l a t i o n  o f  t h e  p r o b l e m  i s  v a l i d  b e c a u s e  i n  c o m p a r i 
s o n  w i t h  t h e  t h i c k n e s s  o f  t h e  a c t u a l  s h i e l d ,  t h e  n u c l e a r  r e a c e o r  
( a s  a r u l e )  c a n  b e  c o n s i d e r e d  as a p o i n t  i s o t r o p i c  s o u r c e .  Tn 
d e s i g n i n g  s h i e l d s  f o r  n u c l e a r  r e a c t o r s  , t h e  l e v e l s  o f  r a d i a t i o n  
a r e  l i m i t e d  a t  t h e  s u r f a c e  o f  t h e  s h i e l d ,  i n  o r d e r  t o  g u a r a n t e e  
access  t o  t h e  e q u i p m e n t  a n d  t o  s a t i s f y  t h e  r e q u i r e m e n t  o f  r a d i a t i o n  
s a f e t y  in areas  s u r r o u n d i n g  t h e  r e a c t o r .  
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The d e s i g n i n g  o f  s h i e l d s  f o r  p o r t a b l e  n u c l e a r  r e a c t o r s ,  t h e  
o p e r a t i o n  o f  w h i c h  i n v o l v e s  a h i g h e r  d e g r e e  o f  r e g u l a t i o n ,  shows  
t h e  n e e d  f o r  a s i g n , i f i c a n t  d i f f e r e n t i a t i o n  o f  t h e  p l a n n e d  l e v e l s  o f  /491 
r a d i a t i o n  i n  t h e  s h i e l d e d  a r e a s  c111. T h i s  l e a d s  t o  a n o n - u n i f o r m  
t h i c k n e s s  o f  t h e  s h i e l d  i n  v a r i o u s  d i r e c t i o n s ,  w h i l e  t h e  o p t i m i z a 
t i o n  i n  t h i s  c a s e  i s  f o u n d  i n  a d i s t r i b u t i o n  o f  t h e  l a y e r s  o f  t h e  
m a t e r i a l s  i n  e a c h  o f  t h e  d i r e c t i o n s  b e i n g  c o n s i d e r e d .  A r a t h e r  
s m a l l  d i f f e r e n c e  i n  t h e  p l a n n e d  maximum p e r m i s s i b l e  l e v e l s  for 
v a r i o u s  a r e a s ,  a n d  t h u s  a s l i g h t  i r r e g u l a r i t y  i n  t h e  t h i c k n e s s  o f  
t h e  s h i e l d ,  r e q u i r e s  c a l c u l a t i n g  t h e  d o s e  i n  e a c h  d i r e c t i o n  i n d e 
p e n d e n t l y .  

A more c o m p l e x  f o r m u l a t i o n  o f  t h e  p r o b l e m  i s  f o u n d  i n  t h e  
n e c e s s i t y  o f  s h i e l d i n g  t h e  c a b i n  of t h e  c r a f t  f r o m  t h e  r a d i a t i o n  
o f  i t s  n u c l e a r  p o w e r  p l a n t  [ 2 0 ] .  The s m a l l  d i m e n s i o n s  o f  t h e  
s h i e l d e d  r e g i o n  l e a d  t o  a g r e a t  i r r e g u l a r i t y  i n  t h e  t h i c k n e s s  o f  
t h e  s h i e l d ,  i . e . ,  a shadow p r o t e c t i o n .  However ,  t h e  f a c t  t h a t  
t h e  r a d i a t i o n  p a s s e s  a r o u n d  t h e  shadow s h i e l d i n g  b e c a u s e  o f  i t s  
s c a t t e r i n g  i n  t h e  a i r  n e c e s s i t a t e s  p a r t i a l  s h i e l d i n g  o f  t h e  r e a c t o r  
f r o m  t h e  o p p o s i t e  s i d e ;  t h i s  h a s  l e d  t o  a n  a t t e m p t  t o  r e a r r a n g e  
some o f  t h e  s h i e l d i n g  m a t e r i a l  a r o u n d  t h e  c a b i n .  A s t r i c t  m a t h e 
m a t i c a l  d e t e r m i n a t i o n  o f  t h e  o p t i m a l  s h a p e  o f  t h e  s h i e l d  f o r  t h e  
r e a c t o r  a n d  t h e  c a b i n  [ 2 0 ]  h a s  shown t h e  n e c e s s i t y  f o r  a s u b s t a n t i a l  
c h a n g e  i n  t h e  f o r m u l a t i o n  o f  t h e  p r o b l e m ,  i n c l u d i n g  a n  i n c r e a s e  i n  
t h e  number  o f  v a r i a b l e  p a r a m e t e r s  w h i c h  d e s c r i b e  t h e  s h i e l d .  T h e  
c r i t e r i o n  o f  r a d i a t i o n  s a f e t y  i n  E 2 0 1  w a s  t h e  d o s e  a t  a c e r t a i n  
p o i n t  o f  t h e  s h i e l d e d  r e g i o n .  

However ,  i t  w a s  shown i n  E131 t h a t  t h e  s h a p e  o f  t h e  c a b i n  
s h i e l d  c h a n g e s  s u b s t a n t i a l l y  i n  r e l a t i o n  t o  t h e  p o s i t i o n  o f  t h i s  
p o i n t ,  i f  t h e  d i m e n s i o n s  o f  t h e  c a b i n  a r e  c o m p a r a b l e  t o  t h e  d i s 
t a n c e  t o  t h e  r e a c t o r .  The s o u r c e  o f  r a d i a t i o n  i n  C131 a n d  E 2 0 1  
w a s  a p o i n t .  T h e r e f o r e ,  t h e  t h i c k n e s s  o f  t h e  s h i e l d i n g  d e t e r m i n e d  
i t s  e x t e r n a l  p r o f i l e  as w e l l .  M o r e o v e r ,  t h e  r e a c t o r  a n d  t h e  s h i e l d  
c a n  b e  c o n s i d e r e d  as p o i n t s  i n  e x a m i n i n g  t h e  r a n g e  o f  t h e  r a d i a t i o n  
i n  t h e  a i r .  

I n  o r d e r  t o  a v o i d  i n d e f i n i t e n e s s  i n  t h e  s h a p e  o f  t h e  s h i e l d  
f o r  t h e  c a b i n  r e l a t i v e  t o  t h e  p o s i t i o n  o f  t h e  p r o t e c t e d  a r e a ,  t h e  
d i s t r i b u t i o n  o f  t h e  p r o b a b i l i t y  t h a t  t h e  crew members w o u l d  b e  a t  
v a r i o u s  p o i n t s  3-1 t h e  c a b i n  was c o n s i d e r e d  i n  C181.  

The s h i e l d i n g  of t h e  r e a c t o r  on b o a r d  t h e  s p a c e c r a f t  i s  c h a r 
a c t e r i z e d  by a l a c k  o f  s u r r o u n d i n g  s c a t t e r i n g  medium. I n  v i ew o f  
t h i s ,  t h e  r a d i a t i o n  s t r i k e s  t h e  p r o t e c t e d  r e g i o n  o n l y  f rom t h e  s i d e  
o f  t h e  s h i e l d ’ .  However ,  t h i s  d o e s  n o t  mean t h a t  a shadow s h i e l d  

’ I t  i s  a l s o  p o s s i b l e  t h a t  t h e r e  wou ld  b e  r a d i a t i o n  s c a t t e r e d  o v e r  
v a r i o u s  p a r t s  o f  t h e  s p a c e c r a f t .  The c o n t r i b u t i o n  o f  t h i s  compo
n e n t  d e p e n d s  g r e a t l y  on t h e  c o n c r e t e  a r r a n g e m e n t  o f  t h e  e q u i p m e n t .  
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s h o u l d  h a v e  a t h i c k n e s s  w h i c h  i s  u n i f o r m  i n  a l l  d i r e c t i o n s ,  s i n c e  
i t s  c r o s s - s e c t i o n a l  d i m e n s i o n s  a r e  c o m p a r a b l e  w i t h  t h e  e x t e n t  t o  
w h i c h  t h e  p r i m a r y  r a d i a t i o n  i s  w e a k e n e d  i n  t h e  s h i e l d ,  a n d  t h e  r o l e  
o f  t h e  m a r g i n a l  e f f e c t  i s  c o r r e s p o n d i n g l y  g r e a t  i n  t h e  f o r m a t i o n  
o f  t h e  s c a t t e r e d r a d i a t i o n .  T h i s  becomes  a l l  t h e  more  v a l i d  when w e  
r e a l i z e  t h a t  t h e  r e a c t o r  c a n  n e v e r  b e  c o n s i d e r e d  as a p o i n t  s o u r c e  
i n  t e rms  o f  t h e  c o m p a r a b i l i t y  o f  i t s  d i m e n s i o n s  w i t h  t h e  d i m e n s i o n s  
o f  t h e  c a b i n ,  a n d  s i n c e  t h e  i n t e n s i t y  o f  t h e  r a d i a t i o n  a t  t h e  sur- / 4 9 2  
f a c e  o f  t h e  r e a c t o r  i s  h i g h l y  n o n - u n i f o r m .  From t h i s  p o i n t  o f  v i e w ,  
an  e x c e s s i v e l y  s i m p l i f i e d  f o r m u l a t i o n  o f  t h e  p r o b l e m  w a s  a c c e p t e d  
i n  C171; a n  opt imum r e l a t i o n s h i p  w a s  s o u g h t  f o r  t h e  t h i c k n e s s  o f  
t h e  l i g h t  a n d  h e a v y  c o m p o n e n t s  o f  t h e  s h i e l d  ( i n  t h e  f o r m  o f  a 
s p h e r e )  a g a i n s t  t h e  r a d i a t i o n  o f  t h e  r e a c t o r ,  p r e s e n t e d  as a p o i n t  
s o u r c e .  

I n  o u t e r  s p a c e ,  r a d i a t i o n  coming f r o m  t h e  s h i e l d  a n d  d i r e c t e d  
p a s t  t h e  p r o t e c t e d  r a n g e  mus t  b e  c o n s i d e r e d  o n l y  i n  r e l a t i o n  t o  
t h e  p o s s i b l e  s c a t t e r i n g  o v e r  v a r i o u s  s t r u c t u r e s .  I n  t h i s  c a s e ,  r a 
d i a t i o n  coming  f r o m  t h e  r e a c t o r  a n d  d i r e c t e d  p a s t  t h e  p r o t e c t e d  
r e g i o n  c o n t r i b u t e s  t o  t h e  d o s e  w h i c h  i s s c a t t e r e d  i n  t h e  s h i e l d .  I n  
v i ew o f  t h i s ,  i t  i s  e x p e d i e n t  t h a t  t h e r e  b e  an  a r r a n g e m e n t  o f  t h e  
m a t e r i a l s  o f  t h e  shadow s h i e l d i n g  f o r  t h e  r e a c t o r  o f  a s p a c e c r a f t  
s u c h  t h a t  t h e  e m i s s i o n  o f  p r i m a r y  a n d  s c a t t e r e d  r a d i a t i o n  i s  f a c i l 
i t a t e d  i n  t h e  d i r e c t i o n  p a s t  t h e  s h i e l d e d  a r e a .  The s h i e l d  w h i c h  
s a t i s f i e d  s u c h  r e q u i r e m e n t s  was c a l l e d  a s c a t t e r e r  i n  [141 a n d  [ 1 5 1 .  
I n  t h e s e  s t u d i e s ,  e x a m p l e s  o f  s c a t t e r i n g  s h i e l d s  were  g i v e n ,  b u t  
t h e  s o - c a l l e d  d i s i n t e g r a t i o n  s h i e l d  w a s  g i v e n  t h e  mos t  c o n s i d e r a t i o n  

The s c a t t e r i n g  p r o p e r t i e s  o f  a s h i e l d  c o u l d  p r o b a b l y  b e  
a c h i e v e d  by s p r e a d i n g  o u t  i t s  m a t e r i a l .  I n  r e l a t i o n  t o  t h i s ,  w e  
f o u n d  i t  v e r y  n e c e s s a r y  t o  r e j e c t  t h e  t r a d i t i o n a l  l o c a t i o n  o f  t h e  
s h i e l d  f o r  t r a n s p o r t  a n d  s t a t i o n a r y  r e a c t o r s  ( ; . e .  , a d j a c e n t  t o  
t h e  s o u r c e ) ,  w h i c h  i s  s t r i c t l y  v a l i d  o n l y  f o r  a p o i n t  s o u r c e  a n d  
i s  c o m p l e t e l y  u n c l e a r  f o r  an  e x t e n d e d  o n e ,  p a r t i c u l a r l y  i n  t h e  c a s e  
o f  s m a l l  d i m e n s i o n s  o f  t h e  s h i e l d e d  a r e a .  

I t  i s  o b v i o u s  t h a t  a s h i e l d  o f  t h e  s c a t t e r i n g  t y p e  mus t  b e  
e x a m i n e d  by c o n s i d e r i n g  t h e  a c t u a l  s h a p e  o f  t h e  r e a c t o r  as  an  
e x t e n d e d  s o u r c e  , while t h e  a n g u l a r  d i s t r i b u t i o n  o f  t h e  r a d i a t i o n  
g e n e r a t e d  a t  e a c h  p o i n t  on t h e  s u r f a c e  o f  t h e  r e a c t o r  c a n  d e f i n i t e l y  
a f f e c t  t h e  o p t i m a l  d i s t r i b u t i o n  o f  t h e  s h i e l d i n g  m a t e r i a l .  

I n  v i ew o f  t h i s ,  t h e  o p t i m i z a t i o n  o f  t h e  s h i e l d  mus t  b e  c o n 
d u c t e d  s i m u l t a n e o u s l y  w i t h  an  o p t i m i z a t i o n  o f  t h e  g e o m e t r y  f o r  t h e  
r e a c t o r  a n d  t h e  d e n s i t y  o f  t h e  s o r u c e s  f o r  d i v i s i o n s  i n  i t .  
However ,  b e c a u s e  o f  t h e  c o m p l e x i t y  o f  s u c h  a c o m b i n e d  p r o c e d u r e  , 
w e  c a n  o p t i m i z e  t h e  s h i e l d  i n  r e l a t i o n  t o  a s o u r c e  w h i c h  i s  r e p r e 
s e n t e d  as a p l a n e  e q u i v a l e n t  o f  t h e  r e a c t o r .  T h i s  i m p l i e s  a p r e 
l i m i n a r y  e x a m i n a t i o n  o f  t h e  r e l a t i o n s h i p  b e t w e e n  t h e  c h a r a c t e r i s 
t i c s  f o r  t h e  p l a n e  e q u i v a l e n t  a n d  t h e  t y p e  o f  r e a c t o r ,  a n d  t h e i r  
e f f e c t  on t h e  o p t i m a l  s h a p e  o f  t h e  s h i e l d ,  w h i c h  a l l o w s  ( t o  some 
d e g r e e )  f o r  u s i n g  t h e  p a r t i c u l a r  f e a t u r e s  o f  t h e  r e a c t o r  as a 
s o u r c e  o f  r a d i a t i o n .  
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The d i s t i n c t i v e  f e a t u r e  o f  t h i s  f o r m u l a t i o n  o f  t h e  p r o b l e m  i s  
t h e  l a c k  o f  l i m i t s  i m p o s e d  on t h e  s p a t i a l  d i s t r i b u t i o n  o f  t h e  
s h i e l d i n g  m a t e r i a l .  

O b v i o u s l y ,  a n  i n c r e a s e  i n  t h e  number  o f  v a r i a b l e  p a r a m e t e r s  
w h i c h  d e s c r i b e  t h e  s h i e l d  e x t e n d s  t h e  p o s s i b i l i t i e s  f o r  d e c r e a s i n g  
i t s  w e i g h t .  I n  t h e  m o s t  g e n e r a l  c a se ,  t h e  o p t i m i z a t i o n  i s  f o u n d  
i n  v o l u m e t r i c  c o n c e n t r a t i o n s  o f  v a r i o u s  s h i e l d i n g  m a t e r i a l s  t h r o u g h 
o u t  t h e  e n t i r e  s p a c e  n e a r  t h e  s o u r c e  a n d  t h e  s h i e l d e d  a r e a .  I n  
t h i s  c a s e ,  it i s  o b v i o u s  t h a t  t h e r e  c o u l d  n e v e r  b e  any  r e p r e s e n t a t i v e  
p o i n t  i n  t h e  s h i e l d e d  a r e a ,  a n d  we c o u l d  n e v e r  l i m i t  t h e  l e v e l s  o f  
r a d i a t i o n s  f o r  t h a t  a r e a  a l o n e ,  s i n c e  t h e  p r o c e s s  o f  o p t i m i z a t i o n ,  / 4 9 3  
n e c e s s a r i l y  " c o n s t r i c t s  ' I  t h e  s h i e l d i n g  m a t e r i a l s  t o  t h e  l o c a l  
a r e a  a r o u n d  t h i s  p o i n t ,  a n d  t h e  c o n d i t i o n s  o f  r a d i a t i o n  s a f e t y  
t h r o u g h o u t  t h e  e n t i r e  s h i e l d e d  a r e a  a r e  n o t  s a t i s f a c t o r y .  The u s e  
o f  a r e p r e s e n t a t i v e  p o i n t  i n  t h e  s t u d i e s  m e n t i o n e d  a b o v e  w a s  v a l i 
d a t e d  by c o n s t r i c t i n g  t h e  f o r m u l a t i o n  o f  t h e  p r o b l e m ,  due  t o  t h e  
d e s i r e d  l i m i t s  o f  t h e  a r e a  f o r  t h e  l o c a t i o n  o f  t h e  s h i e l d i n g  m a t e r 
i a l s  ( a d j a c e n t  t o  t h e  s o u r c e  or t h e  c a b i n ,  e t c . ) .  Such  l i m i t s  
g u a r a n t e e d  a r e l a t i v e l y  u n i f o r m  d o s e  f i e l d  a n d ,  h e n c e  , r a d i a t i o n  
s a f e t y  t h r o u g h o u t  t h e  e n t i r e  s h i e l d e d  a r e a .  

We c o n s i d e r  i t  p o s s i b l e  t o  u s e  as t h e  c r i t e r i o n ,  t h e  d o s e  w h i c h  
i s  a v e r a g e  f o r  t h e  s h i e l d e d  a r e a ,  c o n s i d e r i n g  t h e  p r o b a b i l i t y  t h a t  
t h e  c rew members m i g h t  b e  a1  a l l  p o i n t s .  

I t  i s  o b v i o u s  t h a t  s u c h  a c r i t e r i o n  a l l o w s  f o r  a n y  n o n - u n i f o r m i t y  
o f  t h e  d o s e  f i e l d  i n  t h e  p r o t e c t e d  a r e a ,  a n d  it g i v e s  a d d i t i o n a l  
p o s s i b i l i t i e s  f o r  economy o f  w e i g h t ,  s i n c e  t h e  number  o f  v a r i a b l e  
p a r a m e t e r s ,  c a n  i n c l u d e  t h e  p r o b a b i l i t y  t h a t  t h e  a s t r o n a u t  w i l l  b e  
a t  v a r i o u s  p o i n t s  i n  t h e  c a b i n .  T h i s  means  t h a t  w e  c a n  f i n d  a more  
s u c c e s s f u l  ( f r o m  t h e  p o i n t  o f  v i ew o f  m i n i m i z a t i o n  o f  w e i g h t  f o r  
t h e  s h i e l d )  a r r a n g e m e n t  o f  t h e  e q u i p m e n t ;  t h e  t i m e  f o r  o p e r a t i o n  
of  t h e  l a t t e r  a n d  t h e  volume t a k e n  up by  i t  a r e  known i n  a d v a n c e .  
A s  we c a n  s e e ,  a number  o f  t h e  p a r a m e t e r s  f o r  t h e  s h i e l d  a r e  r e l a t e d  
t o  t h e  s t r u c t u r e  o f  t h e  s p a c e c r a f t ,  o t h e r  s y s t e m s  i n  i t ,  a n d  t o  
t h e  c o n d i t i o n s  o f  t h e  f l i g h t ;  t h e  o p t i m i z a t i o n  o f  t h e  s h i e l d  
a g a i n s t  t h e  r e a c t o r  m u s t  t h e n  b e  u n d e r t a k e n  i n  a d d i t i o n  t o  t h e  o p t i 
m i z a t i o n  o f  v a r i o u s  s y s t e m s  a n d  t h e  c r a f t  as a w h o l e .  

I n  t h i s  c a s e ,  we a r e  n a t u r a l l y  c o n f r o n t e d  w i t h  t h e  p r o b l e m  o f  
c o m p a r j n g  t h e  i n t e r r e l a t e d  s y s t e m s  a c c o r d i n g  t o .  a c r i t e r i o n  w h i c h  
i s  g e n e r a l  f o r  a l l  t h e s e  s y s t e m s .  The m u l t i p l e  r e q u i r e m e n t s  imposed  
on v a r i o u s  s y s t e m s  i n v o l v e ,  on t h e  w h o l e ,  t h e  r e q u i r e m e n t  t h a t  t h e y  
o p e r a t e  r e l i a b l y .  The c r i t e r i o n  o f  r e l i a b i l i t y  c a n  be  c o n s i d e r e d  
as a b a s i s  f o r  t h e  e n t i r e  c r a f t  as a w h o l e .  T h e r e f o r e ,  t h e  o p t i 
m i z a t i o n  o f  e a c h  s y s t e m  i n  t h e  s p a c e c r a f t  i s  p e r f o r m e d  w i t h  t h e  
p u r p o s e  o f  g u a r a n t e e i n g  t h e  g i v e n  r e l i a b i l i t y  t h a t  t h e  f l i g h t  b e  
a c c o m p l i s h e d  w i t h  a minimum w e i g h t  o f  t h e  c r a f t ,  or w i t h  t h e  
p u r p o s e  of g u a r a n t e e i n g  maximum r e l i a b i l i t y  f o r  a l i m i t e d  o r i g i n a l  
w e i g h t .  
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From t h i s  p o i n t  o f  v i e w ,  t h e  c r i t e r i o n  now i m p o s e d  on t h e  
s h i e l d i n g  s y s t e m ,  i n  t h e  f o r m  o f  a f i x e d  v a l u e  f o r  t h e  p e r m i s s i b l e  
d o s e  p e r  f l i g h t ,  e x c l u d e s  t h e  p o s s i b i l i t y  o f  m i n i m i z i n g  t h e  w e i g h t  
o f  t h e  s h i e l d  d u r i n g  t h e  p r o c e s s e s  o f  g e n e r a l  o p t i m i z a t i o n  o f  t h e  
s y s t e m s  i n  t h e  c r a f t .  T h e r e f o r e ,  o u r  p r o b l e m  i s  t o  e x p r e s s  t h e  
c r i t e r i o n  f o r  r a d i a t i o n  s a f e t y  w h i c h  i s  i m p o s e d  on t h e  s h i e l d i n g  
s y s t e m  i n  t e r m s  o f  i t s  r e l i a b i l i t y ,  or more  a c c u r a t e l y ,  i n  t e r m s  
o f  t h e  r e l i a b i l i t y  o f  t h e  " f u n c t i o n i n g "  o f  t h e  a s t r o n a u t  C213 or 
t h e  a p p a r a t u s  u n d e r  t h e  c o n d i t i o n s  o f  t h e  r a d i a t i o n  e f f e c t ,  t h e  
d e g r e e  o f  w h i c h  d e p e n d s  d i r e c t l y  on t .he  w e i g h t  c h a r a c t e r i s t i c s  o f  
t h e  s h i e l d .  The s o l u t i o n  t o  t h i s  p r o b l e m  w o u l d  a l l o w  u s i n g  t h e  
p l a n e  d e p e n d e n c e  o f  t h e  r e l i a b i l i t y  f o r  t h e  s h i e l d i n g  s y s t e m  on 
t h e  d o s e  o f  t h e  r a d i a t i o n  e f f e c t ,  i n  t h e  p r o c e s s  o f  g e n e r a l  o p t i 
m i z a t i o n .  

C o n t e m p o r a r y  r a d i o b i o l o g y  c a n  p r o v i d e  c o n s i d e r a b l e  i n f o r m a t i o n  / 4 9 4  
on t h e  d o s e - d e p e n d e n c e  o f  v a r i o u s  t y p e s  o f  r a d i a t i o n  damage t o  a n  
o r g a n i s m .  However ,  i n  o r d e r  t o  u s e  t h i s  i n f o r m a t i o n  i n  t h e  p r o b l e m  
o f  s h i e l d i n g ,  w e  m u s t  d e t e r m i n e  t h e  p r i n c i p a l .  q u a n t i t a t i v e  s i g n s  
o f  r e l i a b i l i t y  i n  t h e  f u n c t i o n i n g  o f  a n  a s t r o n a u t ,  a n d  w e  m u s t  know 
how t h e  r e m o t e  r a d i o b i o l o g i c a l  e f f e c t s  a r e  r e l a t e d  t o  t h e  r e l i a b i l i t y  
i n  t h e  f u n c t i o n i n g  o f  t h e  a s t r o n a u t  f o r  v a r i o u s  v a l u e s  o f  t h e  d o s e .  
M o r e o v e r ,  i n  u s i n g  t h e  a b s o r b e d  d o s e  as a m e a s u r e  o f  t h e  r a d i a t i o n  
e f f e c t ,  we m u s t  c o n s i d e r  i t s  s p a t i a l  d i s t r i b u t i o n  i n  t h e  body  o f  
a human b e i n g ,  t o g e t h e r  w i t h  t h e  r a d i a t i o n - s e n s i t i v i t y  o f  v a r i o u s  
o r g a n s  a n d  t i s s u e s  w h i c h  a r e  r e s p o n s i b l e  f o r  t h e  r a d i o b i o l o g i c a l  
e f f e c t s  a f f e c t i n g  t h e  r e l i a b i l i t y  o f  t h e  " f u n c t i o n i n g " .  We s h o u l d  
a d d  t h a t  i n  o p t i m i z a t i o n  o f  t h e  s h i e l d i n g  s y s t e m ,  w h i c h  t o u c h e s  
upon o t h e r  s y s t e m s  o f  t h e  c r a f t ,  t h e r e  c a n  b e  c h a n g e s  i n  t h e  c o n d i 
t i o n s  o f  t h e  v i t a l  a c t i v i t y  o f  t h e  a s t r o n a u t  w h i c h  a f f e c t  t h e  r e l a 
t i o n s h i p s  b e t w e e n  t h e  r a d i o b i o l o g i c a l  e f f e c t s  a n d  t h e  d o s e .  I n  
r e l a t i o n  t o  t h i s ,  i t  i s  u s e f u l  t o  know t h e  r e l a t i o n s h i p  b e t w e e n  
t h e  r e l i a b i l i t y  i n  " f u n c t i o n i n g "  a n d  t h e  d o s e  u n d e r  t h e  c o n d i t i o n s  
o f  a combined  e f f e c t  o f  d i s a d v a n t a g e o u s  f a c t o r s  i n v o l v e d  i n  t h e  
c o n c r e t e  c o n d i t i o n s  o f  t h e  f l i g h t .  

Hence , h a v i n g  e x a m i n e d  t h e  p r o b l e m  o f  o p t i m i z a t i o n  o f  t h e  s h i e l d  
as  a componen t  o f  t h e  o p t i m i z a t i o n  o f  t h e  s p a c e c r a f t  as a w h o l e ,  t h e  
p h y s i c a l  c h a r a c t e r i s t i c s  o f  t h e  s h i e l d  m u s t  b e  e x a m i n e d  by  c o n s i d e r 
i n g  t h e  r e l i a b i l i t y  o f  t h e  o p t i m a l  s h i e l d  i n  r e l a t i o n s  t o  i t s  w e i g h t  
f o r  d i f f e r e n t  f o r m s  o f  a n  NPP or N J E  on b o a r d  t h e  s p a c e c r a f t .  

T h u s ,  a n  a n a l y s i s  o f  t h e  p r i n c i p a l  t e n d e n c i e s  i n  d e s i g n i n g  a 
s h i e l d  a g a i n s t  m o t o r  r e a c t o r s  a l l o w s  u s  t o  d raw t h e  f o l l o w i n g  
c o n c l u s i o n s  i n  r e l a t i o n  t o  t h e  s p a c e c r a f t :  

The o p t i m i z a t i o n  o f  t h e  r a d i a t i o n  s h i e l d i n g  s h o u l d  p r e c e d e  
t h e  d e t e r m i n a t i o n  o f  t h e  c r i t e r i a  f o r  r a d i a t i o n  s a f e t y  a n d  t h e  
s e l e c t i o n  o f  t h e  n e c e s s a r y  a n d  s u f f i c i e n t  number  o f  v a r i a b l e  pa ram
e t e r s  w h i c h  a r e  c o m b i n e d  i n  t h e  f o r m u l a t i o n  o f  t h e  p r o b l e m .  

The p r i n c i p a l  c r i t e r i o n  i s  t h e  t o t a l  d o s e  p e r  f l i g h t ;  f o r  

537 




o p t i m i z a t i o n ,  w e  m u s t  c o n s i d e r  t h e  p o s s i b i l i t y  o f  a n o n - u n i f o r m  
d i s t r i b u t i o n  o f  t h e  d o s e  r a t e  i n  t h e  s h i e l d e d  a r e a  d u r i n g  t h e  f l i g h t .  

I n  t h e  mos t  g e n e r a l  c a se ,  t h e  o p t i m i z a t i o n  i s  f o u n d  i n  v o l u m e t 
r i c  c o n c e n t r a t i o n s  o f  v a r i o u s  s h i e l d i n g  m a t e r i a l s  t h r o u g h o u t  t h e  
e n t i r e  s p a c e  n e a r  t h e  s o u r c e  a n d  t h e  s h i e l d e d  a r ea .  

The opt imum d i s t r i b u t i o n  o f  t h e  s h i e l d i n g  m a t e r i a l s  d e p e n d s  on 
t h e  s p a t i a l  d i s t r i b u t i o n  o f  t h e  r a d i a t i o n  s o u r c e s  , t h e  a r r a n g e m e n t  
o f  t h e  h a b i t a b l e  c o m p a r t m e n t s ,  and  t h e  s t r u c t u r e  o f  t h e  c r a f t  as 
a w h o l e ;  t h e  o p t i m i z a t i o n  o f  t h e  s h i e l d  s h o u l d  b e  e x a m i n e d  as a 
componen t  o f  t h e  o p t i m i z a t i o n  o f  t h e  c r a f t .  

I f ,  by o p t i m i z a t i o n  o f  t h e  c r a f t ,  we mean a g u a r a n t e e  o f  max
imum r e l i a b i l i t y  i n  i t s  f l i g h t  a t  a g i v e n  w e i g h t ,  t h e n  i t  i s  n e c e s 
s a r y  t o  e x p r e s s  t h e  c r i t e r i a  f o r  r a d i a t i o n  s a f e t y  i n  t e r m s  o f  
r e l i a b i l i t y .  
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CLASSIF ICATION OF THE ELECTROENCEPHALOGRAM OF A HEALTHY SIIRJECT 
( I N  RELATION TO THE PROBLEMS OF SELECTION I N  AVIAT ION)  

V.B. M a l k i n ,  N.M.  A s y a m o l o v a ,  a n d  A . K .  K o c h e t o v  

ABSTRACT:  On t h e  b a s i s  o f  an a n a Z y s i s  of 900  en
cephaZographic  c u r v e s  recorded  on young,  hea  Zthy 
men ( a g e s  f rom 1 8  to 2 3 1 ,  5 t y p e s  o f  BEG were 
c Z a s s i f i e d .  

The c Z a s s i f i c a t i o n  was based  on r e c o r d i n g s  
made when t h e  e y e s  were open o r  s h u t .  I n  t h i s  
c a s e ,  t h e  ampZitude c h a r a c t e r  o f  t h e  EEG,  t h e  
degree  o f  e x p r e s s i v i t y ,  and t h e  q u a Z i t a t i v e  f e a 
t u r e s  of t h e  a-rhythm,  as  we22 as  t h e  i n t e n s i t y  
o f  t h e  S Z O W  and r a p i d  components o f  t h e  E E G ,  
were c o n s i d e r e d .  

The s i g n i f i c a n c e  o f  t h e  o r i e n t i n g  r e a c t i o n  
was shown t o  be one of t h e  most  i m p o r t a n t  f a c t o r s  
d e t e r m i n i n g  t h e  i n d i v i d u a Z  f e a t u r e s  o f  t h e  EEG.  

The c Z a s s i f i c a t i o n  was i n t e n d e d  f o r  use  i n  
a v i a t i o n  and space med ic ine  d u r i n g  dynamic o b s e r 
v a t i o n s  o f  p i Z o t s  and a s t r o n a u t s  i n  t h e  course  
o f  t h e i r  p r a c t i c a z  a c t i v i t y .  

R e c e n t l y ,  b o t h  h e r e  a n d  a b r o a d ,  t h e  s t u d y  o f  t h e  EEG h a s  b e e n  / 4 9 5  
e x p a n d e d  i n t o  r e s e a r c h  i n  a v i a t i o n  a n d  s p a c e  m e d i c i n e ,  m i l i t a r y  med
i c i n e ,  s p o r t s  p h y s i o l o g y ,  e t c .  T h i s  m e t h o d  i s  b e g i n n i n g  t o  b e  u s e d  
t o  s e l e c t  t h e  a s t r o n a u t s  a n d  c a n d i d a t e s  o f  a v i a t i o n  s c h o o l s ,  as w e l l  / 4 9 6  
as f o r  a d i a g n o s t i c  e v a l u a t i o n  o f  t h e  c h a n g e s  i n  t h e  c e n t r a l  n e r v o u s  
s y s t e m  d u r i n g  t h e  p r o c e s s  o f  f l i g h t  t r a i n i n g ,  e x e r c i s e s  o f  v a r i o u s  
t y p e s  i n  s p o r t s ,  e t c .  

For a l o n g  t i m e ,  t h e  e l e c t r o e n c e p h a l o g r a p h i c  m e t h o d  ( i n  t e r m s  
o f  i t s  a p p l i c a t i o n  i n  t h e  p r o f e s s i o n a l  p r a c t i c e  o f  m i l i t a r y  m e d i 
c i n e  a n d  work s t u d i e s )  w a s  u s e d  m a i n l y  f o r  d e t e r m i n i n g  g r o s s  p a t h o 
l o g i c a l  c h a n g e s  i n  t h e  b i o e l e c t r i c  a c t i v i t y  w h i c h  a r e  p a r t i c u l a r l y  
c h a r a c t e r i s t i c  o f  s u c h  d i s e a s e s  as e p i l e p s y ,  t r a u m a ,  a n d  c e r e b r a l  
t u m o r s .  Most a u t h o r s  c o n s i d e r e d  t h a t  t h e  p o s s i b i l i t y  o f  f i n d i n g  
l a t e n t  f o r m s  o f  e p i l e p s y  w i t h  t h e  a i d  o f  t h i s  m e t h o d  w a s  n o t  s u f f i 
c i e n t  r e a s o n  f o r  a more w i d e - s p r e a d  u s e  o f  e l e c t r o e n c e p h a l o g r a p h y  
for p r o f e s s i o n a l  p u r p o s e s .  

R e c e n t l y ,  c e r t a i n  r e s e a r c h e r s  h a v e  shown t h e  p o s s i b i l i t y  of  
a s i g n i f i c a n t  e x p a n s i o n  i n  t h e  u s e  o f  t h i s  m e t h o d ,  s i n c e  i t  is 
s u f f i c i e n t l y  s e n s i t i v e  t o  r e v e a l  c e r t a i n  f o r m s  of f u n c t i o n a l  d i s 
o r d e r s  i n  t h e  c e n t r a l  n e r v o u s  s y s t e m  w h i c h  a r e  n o t  r e l a t e d  t o  g e n 
e r a l  p a t h o l o g y .  C e r t a i n  a u t h o r s  h a v e  shown t h a t  t h e  e n c e p h a l o g r a p h i c  
m e t h o d  a l l o w s  f i n d i n g  ( i n  a number  o f  c a s e s )  n o t  o n l y  n e u r o t i c  con
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d i t i o n s ,  b u t  a l s o  a d e f i n i t e  c o r r e l a t i o n  b e t w e e n  t h e  EEG a n d  t h e  
c a p a c i t y  f o r  f l i g h t  t r a i n i n g  or f o r  v a r i o u s  t y p e s  o f  i n t e l l e c t u a l  
a c t i v i t y .  

The n o r m a l  b i o e l e c t r i c  a c t i v i t y  o f  t h e  b r a i n  w a s  d e s c r i b e d  by  
s t u d i e s  o f  t h e  E E G  i n  p r a c t i c a l l y  h e a l t h y  s u b j e c t s .  I n  t h i s  c a s e ,  
d e s p i t e  t h e  o b v i o u s  d e s c r e p a n c y  i n  t h e  t y p e s  o f  p i c t u r e s  o f  t h e  
b i o e l e c t r i c  a c t i v i t y  , a l l  t h e  a u t h o r s  n o t e d  t h e  n e c e s s i t y  o f  d i v i d 
i n g  t h e  b a c k g r o u n d  EEG o f  a h e a l t h y  s u b j e c t  i n t o  c e r t a i n  t y p e s .  

C e r t a i n  a u t h o r s  t o o k  t h e  d e g r e e  o f  i n t e n s i t y  i n  t h e  a - r h y t h m  
as t h e  b a s i s  f o r  t h e  c l a s s i f i c a t i o n  c 1 2 1 ;  o t h e r s  c o n s i d e r e d  m a i n l y  
t h e  a m p l i t u d e  c h a r a c t e r  Ell. G a s t a u t  C 1 6 1  d e s c r i b e d  t h r e e  t y p e s  
o f  E E G  by  r e l a t i n g  t h e m  t o  t h e  b e h a v i o r  o f  t h e  s u b j e c t .  The 
c l a s s i f i c a t i o n  p r o p o s e d  by Cohn r e f l e c t s  t h e  d e g r e e  o f  t h e  c h a n g e s  
i n  t h e  e l e c t r i c  a c t i v i t y  o f  t h e  b r a i n ,  m a i n l y  i n  t e r m s  o f  c h a n g e s  
i n  t h e  a m p l i t u d e  [lo]. Z h i r m u n s k a y a ' s  c l a s s i f i c a t i o n  i n c l u d e d  
n o r m a l  t y p e s  o f  E E G  as  w e l l  as t y p e s  o f  p a t h o l o g i c a l l y  a l t e r e d  E E G ' s  
C31. T h e r e  h a v e  a l s o  b e e n  o t h e r  a t t e m p t s  t o  c l a s s i f y  t h e  E E G ' s  
o f  h e a l t h y  s u b j e c t s  i n  t e r m s  o f  c o n s t i t u t i o n a l  a n d  p s y c h o l o g i c a l  
f e a t u r e s  C21-J. 

An a t t e m p t  t o  u s e  t h e  e x i s t i n g  c l a s s i f i c a t i o n s  f o r  e v a l u a t i n g  
i n d i v i d u a l  t y p e s  o f  E E G ' s  e x a m i n e d  d u r i n g  t h e  p r o c e s s  o f  s e l e c t i o n  
o f  a v i a t i o n  c a n d i d a t e s  , d u r i n g  p r e s s u r e - c h a m b e r  e x p e r i m e n t s ,  d u r i n g  
a s t u d y  o f  t h e  r e s i s t a n c e  t o  t h e  e f f e c t  o f  r a d i c a l  a c c e l e r a t i o n s ,  
e t c . ,  was f o u n d  t o  b e  i n e f f e c t i v e .  

I n  r e l a t i o n  t o  t h i s ,  t h e r e  a r o s e  t h e  n e c e s s i t y  f o r  w o r k i n g  
o u t  a c l a s s i f i c a t i o n  o f  t h e  E E G  w h i c h  c o u l d  b e  u s e d  f o r  s e l e c t i o n  
o f  a s p e c i a l  c r ew,  t r a i n e e s ,  a n d  f l i g h t  c a n d i d a t e s ,  d u r i n g  t h e  p r o 
cess  o f  f l i g h t  a c t i v i t y ,  e t c .  

We made r e c o r d i n g s  o f  e l e c t r o e n c e p h a l o g r a m s  on more t h a n  9 0 0  / 4 9 7  
men , d u r i n g  t h e  p r o c e s s  o f  e x a m i n i n g  a v i a t i o n a l  c a n d i d a t e s  , a n d  
d u r i n g  a n  s t a m i n a t i o n  o f  p e r s o n s  who h a d  b e e n  i n v e s t i g a t e d  i n  a 
h o s p i t a l  a n d  r e c o g n i z e d  as  f i t  f o r  f l i g h t  a c t i v i t y .  I n  t h i s  c a s e ,  
w e  made p e r i o d i c  r e c o r d i n g s  o f  t h e  EEG on more  t h a n  1 0 0  men f o r  a 
d u r a t i o n  o f  1 t o  3 y e a r s ;  i n  i n d i v i d u a l  c a s e s ,  w e  r e c o r d e d  t h e  EEG 
c o n t i n u o u s l y ,  d a y  a n d  n i g h t  ( e v e r y  3-4 h o u r s  f o r  30 d a y s ) .  

An a n a l y s i s  o f  t h e  m a t e r i a l s  p e r m i t t e d  u s  t o  a t t e m p t  t o  c l a s s i f y  
t h e  E E G ' s  o f  p r a c t i c a l l y  h e a l t h y  men a g e d  f r o m  1 8  t o  2 3 .  

METHODS 

The E E G  r e c o r d i n g s  were  made w i t h  t h e  a i d  o f  i n k - w r l t i n g  
e n c e p h a l o g r a p h s  made b y  t h e  f i r m s  " A l v a r "  a n d  " S a n e i " ,  a n d  on a n  
e l e c t r o e n c e p h a l o g r a p h  made by  t h e  " B i o f i z p r i b o r "  p l a n t  i n  L e n i n g r a d .  
The r e c o r d i n g s  w e r e  made u n d e r  s t r i c t l y - m a i n t a i n e d  a n d  i d e n t i c a l  
c o n d i t i o n s ,  w i t h  a n  i d e n t i c a l  v a l u e  f o r  t h e  c o n s t a n t  t i m e  a n d  t h e  
f r e q u e n c y  b a n d ,  w i t h  s t a n d a r d  v a l u e s  f o r  a m p l i f i c a t i o n ,  a n d  a r e l 
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a t i v e l y  c o n s t a n t  i n t e r e l e c t r o d e  r e s i s t a n c e  ( 3 0 0 0 - 1 0 , 0 0 0  52). The 
a m p l i f i c a t i o n  o f  t h e  p o t e n t i a l s  w a s  s u c h  t h a t  a c a l i b r a t i o n  s i g n a l  
o f  1 0 0  u V  c a u s e d  d e f l e c t i o n  o f  t h e  p e n  by 1 c m .  I n  t h o s e  cases 
when t h e  a v e r a g e  v a l u e  o f  t h e  b i o e l e c t r i c  p o t e n t i a l s  w a s  l e s s  t h a n  
30 UV, t h e  a m p l i f i c a t i o n  w a s  i n c r e a s e d  by  a f a c t o r  o f  2 .  The 
r e l a t i v e l y  s m a l l  a m p l i f i c a t i o n  o f  1 0 0  p V  a t  1 c m  w a s  u s e d  i n  v i ew 
o f  t h e  f a c t  t h a t  w e  u s e d  h y p o s i a  a n d  h y p e r v e n t i l a t i o n  t e s t s ,  w h i c h  
l e a d  t o  a s i g n i f i c a n t  i n c r e a s e  o f  t h e  a m p l i t u d e  o f  t h e  b i o e l e c t r i c  
p o t e n t i a l s .  We u s e d  t h e  f r o n t a l - o c c i p i t a l  l e a d s  f r o m  t h e  r i g h t  a n d  
l e f t  h e m i s p h e r e s .  The b i o e l e c t r i c  p o t e n t i a l s  w e r e  d e t e c t e d  s i m u l 
t a n e o u s l y  by m o n o p o l a r  r e c o r d i n g ,  f rom t h e  o c c i p u t ,  t e m p l e ,  a n d  
f r o n t a l  r e g i o n .  The p r i n c i p a l  l e a d  u s e d  f o r  o u r  c l a s s i f i c a t i o n  
w a s  t h e  b i p o l a r  f r o n t a l - o c c i p i t a l  o n e .  We u s e d  i t  as a s u r v e y i n g  
l e a d  w h i c h  g a v e  s u f f i c i e n t  i n f o r m a t i o n  on t h e  c h a r a c t e r  o f  t h e  
b i o e l e c t r i c  a c t i v i t y .  

T h i s  l e a d  w a s  s e l e c t e d  i n  v i ew o f  i t s  h i g h  s e n s i t i v i t y  t o  
s u c h  f u n c t i o n a l  t e s t s  as h y p e r v e n t i l a t i o n  a n d  h y p o x i c  h y p o x i a .  I n  
a c o m p a r a t i v e  e v a l u a t i o n ,  i t  w a s  shown t h a t  i n  r e c o r d i n g s  made u n d e r  
a c o n d i t i o n  o f  r e l a t i v e  r e s t ,  it r e s e m b l e d  a m o n o p o l a r  o c c i p i t a l  
l e a d :  t h e  r e c o r d i n g s  c l e a r l y  show an a - r h y t h m  whose  a m p l i t u d e  a n d  
s h a p e  i s  ( i n  m o s t  c a s e s )  p r a c t i c a l l y  t h e  same as f o r  a m o n o p o l a r  
o c c i p i t a l  l e a d .  A t  t h e  same t i m e ,  f o r  s u c h  e f f e c t s  as a n  o x y g e n  
d e f i c i e n c y  or h y p o c a p n i a ,  t h e  f i r s t  c h a n g e s  ( a p p e a r a n c e  o f  s l o w  
waves  w i t h  i n c r e a s e d  a m p l i t u d e ,  a n d  o t h e r  symptoms w h i c h  a r e  
c h a r a c t e r i s t i c  o f  t h e s e  c o n d i t i o n s  w e r e  r e c o r d e d  by t h e  f r o n t a l  
l e a d .  The f r o n t a l  e l e c t r o d e ,  w h i c h  c a n  b e  c o n s i d e r e d  as p a s s i v e ,  
t o  a c e r t a i n  d e g r e e  when a t  r e s t ,  becomes  a c t i v e  u n d e r  t h e s e  c o n d i 
t i o n s ,  w h i l e  t h e  c h a n g e s  a r i s i n g  i n  t h e  m o n o p o l a r  f r o n t a l  l e a d s  
a l s o  a p p e a r  c l e a r l y  i n  t h e  r e c o r d i n g s  made w i t h  t h e  b i p o l a r  m e t h o d .  / 4 9 8  

The EEG r e c o r d i n g s  f o r  t h e  s u b j e c t s  i n  o u r  e x p e r i m e n t s  w e r e  
made u n d e r  c o n d i t i o n s  o f  r e l a t i v e  r e s t ,  a n d  t h e y  d i f f e r e d  g r e a t l y  
f r o m  t h o s e  u s e d  i n  c l i n i c a l  p r a c t i c e .  D u r i n g  t h e  EEG r e c o r d i n g s ,  
t h e  s u b j e c t s  s a t  i n  a n o r m a l  room or p r e s s u r e  chamber  w i t h  d i f f u s e d  
or a r t i f i c i a l  i l l u m i n a t i o n .  D u r i n g  t h e  e x a m i n a t i o n s ,  t h e  s u b j e c t  
o p e n e d  a n d  s h u t  h i s  e y e s  a t  t h e  command o f  t h e  e x p e r i m e n t e r .  

The d e p a r t u r e  f r o m  t h e  t r a d i t i o n a l  r u l e s  f o r  EEG r e c o r d i n g s  
w a s  c a u s e d  by  t h e  f a c t  t h a t  d u r i n g  t h e  s u b s e q u e n t  e x p e r i m e n t s  
t h e y  w e r e  made u n d e r  s u c h  c o n d i t i o n s  o f  r e a l  a c t i v i t y  f o r  t h e  s u b 
j e c t  t h a t  t h e  p o s s i b i l i t y  o f  EEG r e c o r d i n g s  a c c o r d i n g  t o  t h e  
g e n e r a l l y - a c c e p t e d  m e t h o d s  w a s  e x c l u d e d .  

For t h e  c r i t e r i a  f o r  c l a s s i f i c a t i o n  o f  t h e  EEG's, we u s e d  t h e  
r e c o r d i n g s  made when t h e  s u b j e c t ' s  e y e s  w e r e  open  or s h u t .  I n  
t h i s  c a s e ,  t h e  c h a n g e s  i n  t h e  EEG w h i c h  o c c u r r e d  d u r i n g  t h e  c h a n g e  
i n  t h e  r e c o r d i n g  c o n d i t i o n s  ( s h u t t i n g  o f  t h e e y e s )  w e r e  u s e d  as o n e  
o f  t h e  i n d i c e s  w h i c h  c h a r a c t e r i z e d  a n o r m a l  EEG. 

We t o o k  as a b a s i s ,  a v i s u a l  a n a l y s i s  o f  t h e  EEG w h i c h  w a s  
made by s e v e r a l  p e o p l e  ( i n d e p e n d e n t  o f  o n e  a n o t h e r )  for t h e  p u r p o s e s  
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o f  a more  o b j e c t i v e  e v a l u a t i o n .  I n  a d d i t i o n  t o  t h i s ,  w e  made a 
h i s t o g r a p h i c  a n a l y s i s  o f  t h e  EEG f o r  more  t h a n  100  s u b j e c t s  a n d  t h i s  
d a t a  w a s  u s e d  f o r  m a k i n g  t h e  q u a n t i t a t i v e  c h a r a c t e r i s t i c s  more  
a c c u r a t e :  t h e  d e g r e e  o f  i n t e n s i t y  of s e p a r a t e  r h y t h m s  a n d  t h e  l e v e l  
o f  t h e  t o t a l  b i o - e l e c t r i c  a c t i v i t y .  

P a r t i c u l a r  a t t e n t i o n  was g i v e n  t o  t h e  a - r h y t h m ,  i t s  d u r a t i o n  
a n d  a m p l i t u d e ,  t h e  r e g u l a r i t y  a n d  s h a p e  o f  t h e  a - w a v e s ,  a n d  t h e  
d y n a m i c s  o f  i t s  a p p e a r a n c e  a n d  d i s a p p e a r a n c e  when t h e  e y e s  w e r e  
o p e n e d  a n d  s h u t .  For o n e  o f  t h e  i n d i c e s  o f  a c h a n g e  i n  t h e  a - r h y t h m ,  
w e  u s e d  t h e  c o e f f i c i e n t  w h i c h  r e f l e c t s  t h e  r a t i o  b e t w e e n  t h e  a - i n d e x  
when t h e  e y e s  were  s h u t  a n d  t h e  a - i n d e x  d u r i n g  t h e  EEG r e c o r d i n g  when 
t h e  e y e s  were o p e n .  M o r e o v e r ,  w e  c o n s i d e r e d  t h e  d e g r e e  o f  i n t e n s i t y  
o f  o t h e r  r h y t h m s  i n  t h e  EEG. I n  a number  o f  c a s e s ,  i n  o r d e r  t o  
e v a l u a t e  c e r t a i n  c h a n g e s ,  w e  u s e d  t h e  c o r r e l a t i o n  b e t w e e n  t h e  
n a t u r e  o f  t h e  b i o e l e c t r i c  a c t i v i t y  f o r  t h e  b r a i n  a c t i v i t y  a n d  t h e  
f r e q u e n c y  o f  h e a r t  c o n t r a c t i o n s .  

O f  p a r t i c u l a r  i m p o r t a n c e  f o r  u s ,  i n  our a p p r o a c h  t o  t h e  s t u d y  
o f  a c l a s s i f i c a t i o n  o f  t h e  EEG's, w a s  t h e  f a c t  t h a t  an  a n a l y s i s  
o f  our s t u d i e s  ( c o n t i n u e d  f o r  many y e a r s )  showed  t h e  f o l l o w i n g :  
f o r  e a c h  s u b j e c t  , t h e r e  i s  a r a t h e r  s t r u c t l y  m a i n t a i n e d  i n d i v i d u a l  
t y p e  o f  EEG. I n  r e l a t i o n  t o  t h i s ,  w e  t r e a t e d  t h e  EEG as a v e r y  
i m p o r t a n t  e l e m e n t  o f  t h e  i n d i v i d u a l  p h y s i o l o g i c a l  p o r t r a i t  o f  a 
human b e i n g .  W e  a r e  o f  t h e  o p i n i o n  t h a t  o n l y  on t h e  b a s i s  o f  
s c i e n t i f i c a l l y  b a s e d  t h e o r y  f o r  t h e  e v a l u a t i o n  o f  t h e  i n d i v i d u a l  
p o r t r a i t  o f  a human b e i n g ,  a n d  w i t h  a f o r m a t i o n  o f  g e n e r a l i z e d  
t y p e - p o r t r a i t s ,  c a n  w e  c o n d u c t  s u c c e s s f u l  e x a m i n a t i o n s  t o  d e t e r m i n e  
t h e  d e g r e e  o f  t h e  c h a n g e s  c a u s e d  by  v a r i o u s  e f f e c t s  a n d  c e r t a i n  
f u n c t i o n a l  t e s t s .  

RESULTS / 499  

A r e c o r d i n g  o f  t h e  b i o e l e c t r i c  a c t i v i t y  o f  t h e  b r a i n  ( t h e  EEG), 
a s  w e  a l r e a d y  m e n t i o n e d ,  h a s  a s t r i c t  i n d i v i d u a l  p i c t u r e .  T h i s  
i s  p a r t i c u l a r l y  n o t i c e a b l e  e v e n  d u r i n g  a v i s u a l  e v a l u a t i o n  o f  t h e  
c u r v e s  r e c o r d e d  f o r  s u b j e c t s  u n d e r  i d e n t i c a l  c o n d i t i o n s  f o r  1 t o  3 
y e a r s .  

On t h e  b a s i s  o f  an  a n a l y s i s  o f  t h e  EEG, w e  f i n d  i t  e x p e d i e n t  
t o  d e f i n e  f i v e  p r i n c i p a l  t y p e s  o f  EEG. 

The f i r s t  t y p e  w a s  t h e  m o s t  w i d e - s p r e a d ,  f o u n d  i n  72% o f  
t h e  s u b j e c t s ;  i t  i s  c h a r a c t e r i z e d ,  i n  t h e  r e c o r d i n g s  made when t h e  
s u b j e c t ' s  e y e s  were  s h u t ,  by a r e g u l a r ,  c l e a r l y - p r o n o u n c e d ,  a -
r h y t h m .  The a m p l i t u d e  o f  t h e  a - r h y t h m  i n  m o s t  o f  t h e  cases  v a r i e d  
f r o m  50 t o  1 0 0  p V ;  i n  i n d i v i d u a l  s u b j e c t s ,  i t  r e a c h e d  140-150  p V .  
The a - i n d e x  w a s  g r e a t e r  t h a n  5 0 % ,  ; . e . ,  i n  t h e  EEG f o r  c l o s e d  e y e s  
t h e  a - r h y t h m  t o o k  up  more  t h a n  h a l f  o f  t h e  r e c o r d i n g  i n  t i m e .  The 
8 - r h y t h m ,  w h i c h  a l t e r n a t e d  w i t h  or w a s  s u p e r i m p o s e d  on t h e  a - w a v e s ,  
w a s  20-25% ( 8 - i n d e x ) .  M o r e o v e r ,  c e r t a i n  c u r v e s  showed  a s l o w  a c t i v 
i t y  w h i c h  t o o k  up 5 t o  1 0 % .  T h i s  a p p e a r e d  m a i n l y  i n  s i n g l e  w a v e s  
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w h i c h  w e r e  c l e a r l y  e x p r e s s e d  p r i m a r i l y  a t  t h e  f r o n t a l  l e a d s  ( F i g . 1 ) .  

I n  a n a l y z i n g  t h e  r e c o r d i n g s  made f o r  t h e  s u b j e c t s  when t h e i r  
e y e s  were o p e n ,  t h i s  t y p e  o f  EEF c o u l d  b e  d i v i d e d  s c h e m a t i c a l l y  
i n t o  t h r e e  s u b g r o u p s .  The c u r v e s  s h o w i n g  a p r e d o m i n a n c e  o f  t h e  
B-rhythm,  a g a i n s t  t h e  b a c k g r o u n d  o f  w h i c h  t h e r e  were s m a l l  g r o u p s  
o f  a -waves  a n d  s i n g l e  0-waves ,  b e l o n g e d  t o  t h e  f i r s t  s u b g r o u p ,  w h i c h  
made up 6 4 % .  I n  t h i s  c a s e ,  t h e  a m p l i t u d e  o f  t h e  b i o e l e c t r i c  
p o t e n t i a l s  d i d  n o t  e x c e e d  20-30 p V .  

I n  a s m a l l  n u m b e r  o f  c u r v e s  (3.8%, s e c o n d  s u b g r o u p ) ,  t h e  a -
a n d  B - a c t i v i t y  w a s  d i s t r i b u t e d  a l m o s t  u n i f o r m l y .  The p a r t i c u l a r  
f e a t u r e  o f  t h e s e  c u r v e s  w a s  t h a t  t h e  s l o w  a c t i v i t y  i n  them w a s  
f a i r l y  w e l l  p r o n o u n c e d ,  s o  t h a t  t h e  0 - i n d e x  w a s  a p p r o x i m a t e l y  
2 0 - 3 0 % .  

F i n a l l y ,  i n  t h e  t h i r d  s u b g r o u p  t h e  p r i n c i p a l  r h y t h m  w a s  t h e  
a - r h y t h m ,  w h i c h  made up a p p r o x i m a t e l y  5 0 - 6 0 % ,  a n d  a l t e r n a t e d  w i t h  
g r o u p s  o f  h i g h - f r e q u e n c y  o s c i l l a t i o n s  a n d  s i n g l e  0-waves .  T h i s  
s u b g r o u p  w a s  s m a l l ,  a n d  made up 4 . 2 %  i n  a l l .  

The v a r y i n g  d e g r e e  o f  i n t e n s i t y  for t h e  a - r h y t h m  d u r i n g  t h e  
EEG r e c o r d i n g s  when t h e  e y e s  w e r e  o p e n e d  h a d  s u b s t a n t i a l  s i g n i f i 
c a n c e  f o r  t h e  v a l u e  o f  t h e  c o e f f i c i e n t  w h i c h  showed t h e  r a t i o  b e 
t w e e n  t h e  a - r h y t h m  f o r  t h e  r e c o r d i n g s  when t h e  e y e s  were s h u t  a n d  
f o r  t h e  r e c o r d i n g s  when t h e  e y e s  w e r e  o p e n .  I n  6 4 %  of  t h e  s u b j e c t s  
who h a d  t h e i r  e y e s  o p e n  d u r i n g  t h e  r e c o r d i n g ,  t h e  a - r h y t h m  w a s  a l 
m o s t  n o t  e x p r e s s e d  a1  a l l  a n d  t h i s  c o e f f i c i e n t  w a s  v e r y  h i g h ,  w h i l e  
i n  t h e  s u b j e c t s  who h a d  t h e i r  e y e s  o p e n ,  a n d  for whom t h e  a - r h y t h m  
i n  t h e  r e c o r d i n g s  w a s  c l e a r  ( 4 . 2 % ) ,  t h e  c o e f f i c i e n t  w a s  r e l a t i v e l y  
s m a l l  a n d  c l o s e  t o  o n e  u n i t .  

The s e c o n d  t y p e  o f  EEG i n c l u d e s  t h o s e  c u r v e s  whose c h a r a c t e r 
i s t i c  f e a t u r e  w a s  t h a t  t h e  a - r h y t h m  l a s t e d  a r e l a t i v e l y  s h o r t  t i m e  
when t h e  e y e s  w e r e  s h u t ,  f r o m  1 t o  7 s e c . ,  ; . e . ,  i t  r a p i d l y  d i s a p 
p e a r e d ,  a f t e r  w h i c h  t h e  EEG r e c o r d i n g  w a s  c h a r a c t e r i z e d  by an  un
d i s t i n g u i s h e d ,  l o w - a m p l i t u d e  a c t i v i t y  ( w i t h  a n  a m p l i t u d e  up  t o  
20-30 mV). 

I n  t h i s  c a s e ,  “ f l a s h e s ”  o f  a n  a - r h y t h m  o f  h i g h e r  a m p l i t u d e  
( o n  t h e  o r d e r  o f  40 m V >  a n d  up t o  8 0  m V  i n  i n d i v i d u a l  c u r v e s ,  a r e  
r e p e a t e d  e a c h  t i m e  d i r e c t l y  a f t e r  t h e  e y e s  a r e  c l o s e d .  They h a v e  
a r o u g h l y  i d e n t i c a l  d u r a t i o n .  T h i s  p a r t i c u l a r  f e a t u r e  o f  t h e  EEG 
i s  p r e s e r v e d  i n  t h e  same s u b j e c t  r a t h e r  c o n s t a n t l y  d u r i n g  v a r i o u s  
o b s e r v a t i o n s ,  a n d  i s  f o u n d  i n  o n l y  1%o f  t h e  ca ses .  The r e c o r d 
i n g s  made when t h e  e y e s  were  o p e n  were  c h a r a c t e r i z e d  by a s l u g g i s h ,  
p o l y m o r p h o u s  a c t i v i t y  o f  a v e r y  low a m p l i t u d e ,  up t o  1 0 - 2 0  m V .  
When t h e  e y e s  were s h u t  t h e  c o e f f i c i e n t  was g r e a t e r  t h a n  1, b u t  
r e l a t i v e l y  s m a l l  ( F i g .  2 ) .  

The t h i r d  t y p e  made up 8% o f  t h e  EEG’s. The r e c o r d i n g s  w i t h  
e y e s  s h u t  s h o w e d  a p o l y m o r p h o u s  a c t i v i t y .  When t h e  e y e s  were 
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1 s e c  

la --
F i g .  1. F i r s t  Type o f  E E G ,  R e c o r d i n g s  w i t h  Eyes  Open and  C l o s e d  ( O E  a n d  
CE). (1) Monopolar  F r o n t a l  Lead f rom t h e  L e f t ;  ( 2 )  Same, f r o m  t h e  R i g h t ;  
( 3 )  Monopolar  O c c i p i t a l  Lead f rom t h e  L e f t ;  ( 4 )  Same, f rom t h e  R i g h t ;  
( 5 )  B i p o l a r  F r o n t a l - O c c i p i t a l  Lead  from t h e  L e f t ;  ( 6 )  Same, from t h e  
R i g h t ;  ( 7 1 ,  ( 8 ) ,  a n d  ( 9 )  I s t ,  I I n d ,  a n d  I I I r d  S t a n d a r d  Leads  o f  t h e  E C G ;  
( 1 0 )  R e c o r d i n g  of t h e  R e s p i r a t i o n a l  Movements. 
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o p e n e d ,  t h e  a -waves  h a d  'an i r r e g u l a r  s h a p e  a n d  were n o n - u n i f o r m  i n  /501 
f r e q u e n c y  a n d  a m p l i t u d e  ; t h e  8-waves  e i t h e . r  were s u p e r i m p o s e d  o v e r  
s l o w e r  waves,  or t h e y  a p p e a r e d  i n  i n d e p e n d e n t  s h o r t  g r o u p s .  The 
s l o w  r h y t h m s  made up a s i g n i f i c a n t  p e r c e n t a g e  o f  t h e  r e c o r d i n g ,  a n d  
t h e y  were r e p r e s e n t e d  by waves o f  v a r y i n g  f r e q u e n c i e s  ( 2 - 8  Hz) a n d  
v a r y i n g  a m p l i t u d e  ( f r o m  20 t o  40 V V ) .  As a r e s p o n s e  t o  t h e  c l o s i n g  
of  t h e  e y e s ,  t h e r e  were  l o n g  g r o u p s  o f  h i g h - a m p l i t u d e  a - w a v e s ,  o f  
60-100 p V ,  i n  t h e  f r o n t a l - o c c i p i t a l  a n d  o c c i p i t a l  m o n o p o l a r  l e a d s .  
Among t h e  a -waves  w h i c h  were  n o n - u n i f o r m  i n  s h a p e  a n d  v a r y i n g  i n  
f r e q u e n c y ,  t h e r e  w e r e  d i f f u s e ,  s l o w e r  o s c i l l a t i o n s  on t h e  o r d e r  o f  
4-8 H z ,  w i t h  a n  a m p l i t u d e  up t o  1 2 0  p V .  

The f o u r t h  t y p e  combined  t h e  EEG's w h i c h  w e  c a l l e d  " w i t h  d e 
c r e a s e d  v o l t a g e " .  S i x t e e n  p e r c e n t  were  o f  t h i s  t y p e .  On c l o s i n g  
t h e  e y e s ,  t h e  a - r h y t h m  i n  t h e  EEG w a s  r e p r e s e n t e d  i n  t h e  f o r m  o f  
s h o r t  g r o u p s  " w i t h  c r o s s p i e c e s "  o f  @ - o s c i l l a t i o n s  a n d  w i t h  s i n g l e  
8 -waves .  The a m p l i t u d e  o f  t h e  b i o e l e c t r i c  p o t e n t i a l s  d i d  n o t  
e x c e e d  40 v V ,  a n d  i t  w a s  m o s t  f r e q u e n t l y  25-30 p V .  The waves  on  
t h e  EEG w h i c h  w e r e  r e c o r d e d  when t h e  e y e s  were  o p e n  h a d  a low a m p l i 
t u d e  Con t h e  a v e r a g e ,  e q u a l  t o  1 0 - 1 5  V V  ( F i g .  3 1 1 .  

The f i f t h  t y p e  o f  EEG w a s  c h a r a c t e r i z e d  b y  a v e r y  low a m p l i t u d e  
f o r  t h e  b i o e l e c t r i c  p o t e n t i a l s ,  up t o  20 p V ,  a n d  a l a c k  o f  a - a c t i v i t y .  
I t  i s  d i f f i c u l t  t o  a n a l y z e  t h e s e  c u r v e s  i n  r e l a t i o n  t o  a d e t e r m i n a 
t i o n  o f  t h e  d o m i n a n t  r h y t h m .  We c a l l e d  t h e m  " f l a t " .  I n  t h i s  c a s e ,  
t h e r e  a p p e a r e d  g r o u p s  o f  a -waves  o f  low a m p l i t u d e  ( u p  t o  30 m V >  
i n  c e r t a i n  EEG's d u r i n g  r e p e a t e d  r e c o r d i n g s  w i t h  o p e n  a n d  c l o s e d  
e y e s ,  a f t e r  t h e  e y e s  were  s h u t .  S o m e t i m e s  . s u c h  a n  a p p e a r a n c e  o f  
a -waves  c o u l d  b e  b r o u g h t  a b o u t  o n l y  by  h y p e r v e n t i l a t i o n .  I t  i s  
i n t e r e s t i n g  t o  n o t e  t h a t ,  f o r  many o f  t h e  s u b j e c t s  w i t h  s u c h  a 
r e a c t i o n ,  t h e r e  w a s  s s i m u l t a n e o u s  h i g h  r a t e  o f  t h e  p u l s e  ( u p  
t o  90-130 b e a t s / m i n  w h i c h  i s  o b v i o u s l y  r e l a t e d  t o  e m o t i o n a l  s t r e s s .  
R e p e a t e d  r e c o r d i n g s  a n d  h y p e r v e n t i l a t i o n  o b v i o u s l y  d e c r e a s e d  t h i s  
e m o t i o n a l  s t r e s s  t o  some d e g r e e  a n d  t h e  a - r h y t h m  a p p e a r e d  o n  t h e  
EEG. T h e r e f o r e ,  w e  c a l l e d  t h e s e  c u r v e s  " f a l s e  f l a t "  o n e s  ( 2 % ) ,  i n  
c o n t r a s t  t o  t h e  " r e a l  f l a t "  o n e s  w h i c h  made up 1%a n d  showed  ( i n  
r e c o r d i n g s  b o t h  w i t h  open  a n d  c l o s e d  e y e s )  a l o w - a m p l i t u d e ,  p o l y 
morphous  a c t i v i t y  ( u p  t o  2 0  p V ) ,  a d e f i n i t e  p r e d o m i n a n c e  o f  t h e  
8 - r h y t h m ,  a n d  a l a c k  o f  a -waves  a t  a l l  t h e  l e a d s .  

I n  t h e s e  s u b j e c t s ,  w e  c o u l d  n o t  f i n d  a n  a - r h y t h m ,  e i t h e r  
a f t e r  h y p e r v e n t i l a t i o n  or d u r i n g  m u l t i p l e  r e p e a t e d  p r o l o n g e d  r e 
c o r d i n g s ;  t a c h y c a r d i a  w a s  a l s o  n o t  f o u n d  f o r  t hem ( F i g .  4 ) .  

DISCUSSION 

I t  m i g h t  h a v e  b e e n  a p p r o p r i a t e  t o  a s s u m e  t h a t  t h e  d e p a r t u r e  
f rom t h e  t r a d i t i o n a l  m e t h o d s  f o r  EEG r e c o r d i n g  s h o u l d  d e f i n i t e l y  
a f f e c t  t h e  p i c t u r e  o f  t h e  b i o e l e c t r i c  a c t i v i t y  i n  t h e  b r a P n .  I n  
t h i s  ca se ,  w e  f o u n d  t h a t  when t h e  s u b j e c t  w a s  i n  a n  i l l u m i n a t e d  
room a n d  m a i n t a i n e d  a n  a c t i v e  p o s i t i o n ,  t h e  l a c k  o f  s t r i c t  s o u n d  
i s o l a t i o n  s h o u l d  h a v e  l e d  t o  a c e r t a i n  d e s y n c h r o n i z a t i o n ,  ; . e . ,  
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F i g .  2 .  Second Type o f  E E G ,  R e c o r d i n g s  w i t h  Open and Closed Eyes COE a n d  
CE). (1) Monopolar  F r o n t a l  Lead from t h e  L e f t ;  ( 2 )  Same, Tempora l  Lead 
f rom t h e  L e f t ;  (3) Same, O c c i p i t a l  Lead from t h e  L e f t ;  ( 4 )  B i p o l a r  F r o n t a l -
O c c i p i t a l  Lead from t h e  L e f t ;  ( 5 )  Same, f rom t h e  R i g h t ;  ( 6 )  R e s p i r a t i o n ;  
( 7 1 ,  (81, ( 9 )  I s t ,  I I n d ,  and  I I I r d  S t a n d a r d  ECG l e a d s .  



F i g .  3 .  F o u r t h  Type o f  E E G ,  R e c o r d i n g  w i t h  C l o s e d  a n d  Open E y e s  / 5 0 3  
(CE a n d  OE). (1) M o n o p o l a r  F r o n t a l  L e a d  f r o m  t h e  L e f t ;  ( 2 )  Same, 
T e m p o r a l  L e a d  f r o m  t h e  L e f t ;  ( 3 )  Same, O c c i p i t a l  L e a d  f r o m  t h e  
L e f t ;  ( 4 )  B i p o l a r  F r o n t a l - O c c i p i t a l  L e a d  f r o m  t h e  L e f t ;  ( 5 )  Same,  
f r o m  t h e  R i g h t ;  ( 6 )  R e s p i r a t i o n ;  ( 7 ) ,  ( 8 ) ,  ( 9 )  I s t ,  I I n d ,  a n d  
I I I r d  S t a n d a r d  E C G  L e a d s .  

3 -. -'Y Y 

F i g .  4 .  F i f t h  Type o f  E E G ,  R e c o r d i n g s  w i t h  Open a n d  C l o s e d  E y e s  

(OE a n d  CE).  ( 1 ) , ( 2 ) , ( 3 )  I s t ,  I I n d ,  a n d  I I I r d  S t a n d a r d  E C G  L e a d s ;  

( 4 )  R e s p i r a t i o n ;  ( 5 )  B i p o l a r  F r o n t a l - O c c i p i t a l  L e a d  f r o m  t h e  R i g h t ;  

( 6 )  Same,  f r o m  t h e  L e f t ;  ( 7 )  M o n o p o l a r  F r o n t a l  L e a d  f r o m  t h e  L e f t ;  

( 8 )  Same, O c c i p i t a l  L e a d  f r o m  t h e  L e f t .  
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s u p p r e s s i o n  of  a-waves a n d  a n  i n c r e a s e  i n  t h e  n u m b e r  o f  h i g h - f r e - / 5 0 4  
q u e n c y  o s c i l l a t i o n s .  However  , t h e  r e s u l t s  o f  o u r  . e x p e r i m e n t s  
showed t h a t  t h e  EEG's f o r  h e a l t h y  s u b j e c t s  u n d e r  s u c h  c o n d i t i o n s ,  
when t h e i r  e y e s  were  c l o s e d ,  n o t  o n l y  d i d  n o t  h a v e  d e c r e a s e d  v o l t a g e  
a n d  , l e s s  p r o n o u n c e d  a p p e a r a n c e  o f  a - r h y t h m  as d e s c r i b e d  b y  s t a n d a r d  
e x a m i n a t i o n  m e t h o d s ,  b u t  e v e n  t h e  a m p l i t u d e  o f  t h e  a - r h y t h m  ( i n  
c e r t a i n  c a s e s )  e x c e e d e d  t h e  v a l u e s  g i v e n  by many a u t h o r s  c1, 3 ,  4 ,  
13, 1 4 1 .  T h u s ,  f o r  e x a m p l e ,  a c c o r d i n g  t o  t h e  d a t a  o f  Z h i r m u n s k a y a ,  
t h e  maximum a m p l i t u d e  o f  t h e  a -waves  i n  t h e  norm m u s t  n o t  e x c e e d  
1 1 0 - 1 2 0  v V ;  i n  some o f  o u r  s u b j e c t s ,  t h e  a m p l i t u d e  o f  t h e  a -waves  
r e a c h e d  140-150 VV. 

I t  i s  c l e a r  t h a t  t h e  p i c t u r e  f o r  t h e  EEG's o f  v a r i o u s  s u b j e c t s  
d u r i n g  r e c o r d i n g s  w i t h  o p e n  a n d  c l o s e d  e y e s  w a s  n o n u n i f o r m .  However ,  
i n  b o t h  c a s e s ,  i t  w a s  r a t h e r  c h a r a c t e r i s t i c  f o r  t h e  g i v e n  i n d i v i d u a l .  
I n  r e l a t i o n  t o  t h i s ,  i n  e v a l u a t i n g  t h e  t y p e  o f  EEG a n d  i t s  i n d i v i 
d u a l  c h a r a c t e r i s t i c s ,  i t  s e e m e d  n e c e s s a r y  t o  u s e  t h e  c o e f f i c i e n t s  
w h i c h  c h a r a c t e r i z e  t h e  r a t i o  b e t w e e n  t h e  i n t e n s i t y  o f  t h e  a - r h y t h m  
when t h e  e y e s  were  c l o s e d  a n d  t h a t  when t h e  e y e s  were  o p e n .  T h e s e  
c o e f f i c i e n t s  c a n  b e  d e t e r m i n e d  i n  t h e  f o r m  o f  i n d i c e s .  I n  t h i s  
case  , we u s e d  t h e  h i s t o g r a p h i c  m e t h o d ,  w h i c h  a l l o w e d  e s t a b l i s h i n g  
t h e  r a t i o  o f  t h e  t o t a l  i n t e n s i t y  o f  t h e  b i o e l e c t r i c  a c t i v i t y  f o r  
c l o s e d  a n d  o p e n  e y e s .  

The u s e  o f  t h e s e  c o e f f i c i e n t s  i s  n e c e s s a r y  f o r  e v a l u a t i n g  
t h e  EEG, b e c a u s e  t h e y  somehow r e f l e c t  t h e  l e v e l  o f  d e s y n c h r o n i z a 
t i o n  u n d e r  c o n c r e t e  e x a m i n a t i o n  c o n d i t i o n s .  

The p r o b l e m  o f  a d e q u a t e  c o n d i t i o n s  f o r  r e c o r d i n g  t h e  EEG r e 
q u i r e s  s p e c i a l  d i s c u s s i o n ,  s i n c e  t h e  c l i n i c a l  m e t h o d s  o f  r e c o r d i n g  
p r o d u c e  a '  d e f i n i t e  l e v e l  o f  s e n s o r y  i m p o v e r i s h m e n t  w h i c h  i n  i t s e l f  
a f f e c t s  t h e  c e n t r a l  n e r v o u s  s y s t e m  a n d  p o s s i b l y  i s  a f a c t o r  c a u s i n g  
a c e r t a i n  d e c r e a s e  i n  t h e  a m p l i t u d e  o f  t h e  b i o e l e c t r i c  p o t e n t i a l .  
T h e r e f o r e ,  i t  i s  n o t  s u r p r i s i n g  t h a t  i n  t h e  EEG r e c o r d i n g s  we ob
t a i n e d  u n d e r  t h e  c o n d i t i o n s  o f  a m a i n t e n a n c e  o f  r e l a t i v e  a c t i v i t y  
for t h e  s u b j e c t ,  t h e  a m p l i t u d e  o f  t h e  a - r h y t h m  w a s  n o t  l o w e r  ( a n d ,  
i n  some c a s e s ,  w a s  e v e n  h i g h e r )  t h a n  i n  t h e  s t u d i e s  o f  o t h e r  /505 
a u t h o r s  who o b s e r v e d  r e c o r d i n g s  o f  t h e  EEG made u n d e r  c l i n i c a l  
c o n d i t i o n s .  

We f i n d  t h e  c o n d i t i o n s  w h i c h  w e  u s e d  f o r  r e c o r d i n g  t h e  EEG's 
c o m p l e t e l y  p e r m i s s i b l e ,  s i n c e  t h e y  a l l o w  u s  t o  s t u d y  t h e  d y n a m i c s  
o f  t h e  c h a n g e s  i n  t h e  EEG's d u r i n g  v a r i o u s  t y p e s  o f  l a b o r  a c t i v i t y ,  
i n c l u d i n g  f l i g h t s  i n t o  s p a c e .  

A s u r v e y  o f  t h e  e x p e r i m e n t s  s t u d y i n g  EEG's d u r i n g  h y p o x i a  a n d  
h y p e r v e n t i l a t i o n  shows t h a t  EEG's r e c o r d e d  u n d e r  t h e s e  c o n d i t i o n s  
p r o v i d e  a r a t h e r  c o m p l e t e  e v a l u a t i o n  of t h e  q u a n t i t a t i v e  a n d  q u a l i 
t a t i v e  c h a n g e s  o c c u r r i n g  d u r i n g  f u n c t i o n a l  t e s t s .  

M o r e o v e r ,  i n  r e c o r d i n g  t h e  p r e l i m i n a r y  EEG o f  t h e  s u b j e c t s ,  
t h e r e  w a s  a n  o r i e n t i n g  r e a c t i o n .  I n  t h i s  case ,  i n  t h e  r e c o r d i n g s  
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w i t h  open  a n d  c l o s e d  e y e s ,  w e  c a n  o b t a i n  i n E o r m a t i o n  w h i c h  c h a r a c 
t e r i z e d  t h e  f u n c t i o n a l  c h a n g e s  i n  t h e  c e n t r a l  n e r v o u s  s y s t e m  
c a u s e d  by  t h i s  r e a c t i o n  a n d ,  i n  p a r t i c u l a r ,  i t s  s u b s i d e n c e .  

Each  c l a s s i f i c a t i o n  w a s  r e l a t e d  t o  a n e c e s s a r y  m i s r e p r e s e n t a 
t i o n  a n d  a d e f i n i t e  s c h e m a t i z a t i o n  o f  t h e  p r o c e s s  b e i n g  e x a m i n e d .  
I n  v i ew o f  t h i s ,  w e  a r e  a l s o  e v a l u a t i n g  t h e  c l a s s i f i c a t i o n  w e  p r o 
p o s e d ,  a n d  a r e  a s s u m i n g  t h a t  f u r t h e r  s t u d i e s  w i l l  a l l o w  c l a r i f y i n g ,  
s u p p l e m e n t i n g ,  d e v e l o p m e n t i n g ,  a n d  f o r m u l a t i n g  more  a c c u r a t e l y  
t h e  i n d i v i d u a l  t y p e s  o f  EEG. The p u r p o s e  o f  o u r  s t u d y ,  i n  a d d i t i o n  
t o  c l a s s i f y i n g  t h e  EEG's o f  h e a l t h y  s u b j e c t s ,  w a s  t o  f i n d  i n d i v i d u a l  
f u n c t i o n a l  c h a n g e s  i n  t h e  EEG w h i c h  c o u l d  c h a r a c t e r i z e  t h e  p a r t i c u l a r  
f e a t u r e s  o f  t h e  c e n t r a l  n e r v o u s  s y s t e m  w h i c h  p l a y  an i m p o r t a n t  p a r t  
i n  p r e d i c t i n g  t h e  r e a c t i o n s  t o  a s t r e s s - s i t u a t i o n  d u r i n g  c e r t a i n  
t y p e s  o f  a c t i v i t y  w h i c h  r e q u i r e  g r e a t e r  n e r v o u s  a n d  e m o t i o n a l  s t r a i n .  

I n  r e l a t i o n  t o  t h i s ,  i t  i s  s t i l l  d i f f i c u l t  t o  e v a l u a t e  e a c h  
t y p e  o f  EEG. However ,  i t  i s  now p o s s i b l e  t o  r e l a t e  c e r t a i n  c o n c e p t s :  
t h u s ,  f o r  e x a m p l e ,  t h e  s u b j e c t s  w i t h  t h e  f i f t h  t y p e  o f  EEG, i n  
whom t h e  8 - r h y t h m  p r e d o m i n a t e d ,  t h e r e  w a s  n o  s i g n i f i c a n t  a - r h y t h m  
when t h e i r  e y e s  w e r e  c l o s e d  a n d  a s i m u l t a n e o u s  h i g h  p u l s e  r a t e  
w a s  n o t e d ,  c o u l d  b e  e v a l u a t e d  t o  a g r e a t  d e g r e e  as e m o t i o n a l l y  
u n s t a b l e .  T h i s  p i c t u r e  o f  t h e  b i o e l e c t r i c  a c t i v i t y  o f  t h e  b r a i n  i s  
o b v i o u s l y  r e l a t e d  t o  a l a c k  o f  n o r m a l  s u b s i d e n c e  or t h e  o r i e n t i n g  
r e a c t i o n .  

We i n c l u d e d  t h o s e  EEG's w h i c h  showed  a . r a p i d  e x h a u s t i o n  o f  
a - r h y t h m  i n  t h e  r e c o r d i n g s  w i t h  c l o s e d  e y e s ,  i n  a s p e c i a l  g r o u p .  
The b a s i s  f o r  t h i s  w a s  t h e  o b s e r v a t i o n s  w h i c h  showed  t h a t  s u c h  a 
p i c t u r e  w a s  r a t h e r  c o n s t a n t  a n d  t y p i c a l  for a g i v e n  i n d i v i d u a l .  
We c o n s i d e r  i t  n e c e s s a r y  t o  m e n t i o n  t h i s  a g a i n ,  b e c a u s e  we n a t u r a l l y  
s u s p e c t  t h a t  a r a p i d  e x h a u s t i o n  o f  t h e  a - r h y t h m  i s  p o s s i b l y  r e l a t e d  
t o  i t s  d e p r e s s i o n  as a r e s u l t  o f  some e x t e r n a l  s t i m u l u s .  A c t u a l l y ,  
s u c h  a r e a c t i o n  t o o k  p l a c e  a t  t h e  b e g i n n i n g  f o r  a p p r o x i m a t e l y  3% o f  
t h e  s u b j e c t s ;  i t  t o o k  t i - m e  t o  calm t h e  s u b j e c t s ,  a f t e r  w h i c h  t h e  
r e a c t i o n  d i s a p p e a r e d .  F o r  some s u b j e c t s ,  s u c h  a n  EEG w a s  o b s e r v e d  
a t  t h e  b e g i n n i n g  o f  a r e c o r d i n g  w h i c h  showed  a s i g n i f i c a n t  i n c r e a s e  
i n  t h e  r a t e  o f  h e a r t  c o n t r a c t i o n s ,  w h i c h  i s  o b v i o u s l y  r e l a t e d  / 5 0 6  
t o  i n c r e a s e d  e m o t i o n a l  s t r e s s .  I n  r e l a t i o n  t o  t h i s ,  i n  some c a s e s  
t h e  p u l s e  w a s  n o r m a l  a t  t h e  e n d  o f  t h e  o b s e r v a t i o n ,  w h i l e  t h e  
a - r h y t h m  on t h e  EEG became more p r o l o n g e d  a n d  r e g u l a r .  M o r e o v e r ,  
we m e n t i o n e d  e a r l i e r  t h a t  a r a p i d  d e p l e t i o n  o f  t h e  a - r h y t h m  f o r  
i n d i v i d u a l  s u b j e c t s  w a s  r e l a t e d  t o  t h e  d e v e l o p m e n t  o f  f a t i g u e .  
T h i s  w a s  f o u n d  i n  p a r t i c u l a r  d u r i n g  p r o l o n g e d  b r e a t h i n g  o f  oxygen  
u n d e r  e x c e s s i v e  p r e s s u r e .  However ,  f o r  a s m a l l  number  o f  s u b j e c t s ,  
t h i s  p i c t u r e  o f  t h e  EEG was c o n s t a n t .  T h u s ,  we c a n  a s sume  t h a t  
s u c h  a t y p e  o f  EEG, w h i c h  i s  f o u n d  i n  1%o f  t h e  c a s e s ,  c a n  c o r r e l a t e  
w i t h  c e r t a i n  p a r t i c u l a r  f e a t u r e s  o f  h i g h e r  n e r v o u s  a c t i v i t y  i n  t h e  
s u b j e c t s .  An e x p l a n a t i o n  o f  t h i s  p r o b l e m  h a s  g r e a t  p r a c t i c a l  
s i g n i f i c a n c e  f o r  a t e c h n i c a l  e v a l u a t i o n  o f  t h e  d a t a  f r o m  t h e  EEG 
d u r i n g  t h e  p r o c e s s  o f  s e l e c t i n g  f l i g h t  crews a n d  a s t r o n a u t s .  

5 5 0  



Many a u t h o r s  i s o l a t e  a s p e c i a l  t y p e  of  EEG as t h a t  w h i c h  i s  
i r r e g u l a r  i n  f r e q u e n c y  a n d  a m p l i t u d e  i n  t h e  a - r h y t h m ,  a n d  t h e y  
l i n k  t h i s  w i t h  " i m m a t u r i t y  o f  t h e  n e r v e  s t r u c t u r e s "  [ 1 1 , 1 8 , 2 2 ] .  I n  
h i s  c l a s s i f i c a t i o n ,  G a s t a u t  p l a c e d  t h o s e  s u b j e c t s  who showed an  
u n s t a b l e  a - r h y t h m  i n t o  a s e p a r a t e  g r o u p ,  a n d  h e  showed t h a t  s u c h  a 
t y p e  o f  EEG w a s  n o t  r e l a t e d  t o  " I m m a t u r i t y " ,  b u t  s i m p l y  c h a r a c t e r i z e d  
c e r t a i n  y o u n g  p e o p l e  C l S l .  P i c a r d  e x a m i n e d  309 p i l o t s  a n d  a l s o  
i s o l a t e d  a g r o u p  o f  45 men whotshowed a n  u n s t a b l e  a - r h y t h m  a n d  a 
p r e d o m i n a n c e  o f  t h e  0 - r h y t h m  a n d  s i n g l e  A-waves ( " l a b i l e  d i e n c e p h a l i c " )  
1 2 2 1 .  A t t e m p t i n g  t o  f i n d  a r e l a t i o n s h i p  b e t w e e n  s u c h  a p i c t u r e  o f  
t h e  EEG a n d  p s y c h o l o g i c a l  d a t a ,  h e  n o t e d  t h a t  t h e  EEG w i t h  a n  un
s t a b l e  a - r h y t h m  a n d  p r o n o u n c e d  s l o w  a c t i v i t y  i s  c h a r a c t e r i s t i c  o f  
" e m o t i o n a l l y  i m m a t u r e "  p e o p l e  w i t h  p o o r  s e l f - c o n t . r o 1 .  T h e s e  d a t a ,  
n a t u r a l l y  , n e e d  t e s t i n g .  

K u k o l e v s k a y a  a n d  I l ' i n a ,  i n  t h e i r  c l a s s i f i c a t i o n ,  a l s o  p u t  i n t o  
a s p e c i a l  g r o u p  t h o s e  EEG's w h i c h  showed s i g n s  o f  m o d u l a t i o n  o f  t h e  
a -waves  s u p e r i m p o s e d  o v e r  s l o w e r  o s c i l l a t i o n  o f  4-6 s ec ,  w i t h  a 
maximum a m p l i t u d e  h i g h e r  t h a n  30 p V  C41. They m a i n t a i n e d  t h a t  s u c h  
a t y p e  o f  EEG i s  o b s e r v e d  i n  h e a l t h y  m a l e  s p o r t s m e n .  I n  o u r  s t u d i e s ,  
w e  f o u n d  s u c h  a t y p e  o f  EEG i n  8% o f  t h e  c a s e s ;  o b v i o u s l y ,  t h e y  s t i l l  
d e p e n d e d  on a g e  f a c t o r s ,  s i n c e  t h e y  w e r e  f o u n d  p r i m a r i l y  i n  y o u n g e r  
s u b j e c t s .  T h i s  q u e s t i o n  i s  o f  d e f i n i t e  i n t e r e s t  , a n d  i t  r e q u i r e s  
f u r t h e r  e x a m i n a t i o n s  wh ich  i n c l u d e  p s y c h o l o g i c a l  r e s e a r c h  m e t h o d s .  

The c u r v e s  w i t h  d e c r e a s e d  v o l t a g e  o f  t h e  b i o e l e c t r i c  p o t e n t i a l s  , 
c a l l e d  " l o w - v o l t a g e  f a s t " ,  a r e  f o u n d  ( a c c o r d i n g  t o  t h e  d a t a  o f  
c e r t a i n  a u t h o r s )  i n  1 2 %  o f  t h e  c a s e s  C9 ,  2 2 3 .  I n  t h e  c l a s s i f i c a t i o n  
we p r o p o s e ,  s u c h  EEG's make up 1 6 %  o f  t h e  c a s e s .  

P u i s t e r ,  who e x a m i n e d  700 p i l o t s ,  n o t e d  t h a t  p o l y m o r p h o u s  EEG's 
w i t h  d e c r e a s e d  v o l t a g e  a r e  f o u n d  i n  4 . 6 %  o f  t h e  c a s e s ,  a n d  a r e  r e 
c o r d e d  i n  p e o p l e  who a r e  n o t  a d a p t e d  f o r  f l i g h t  t r a i n i n g  C231. We / 5 0 7  
a r e  n o t  c o n v i n c e d  o f  t h e  c o r r e c t n e s s  o f  s u c h  a c a t e g o r i c a l  s t a t e m e n t .  

A lmos t  a l l  t h e  r e s e a r c h e r s  i s o l a t e  t h e  f l a t  EEG's. A c c o r d i n g  
t o  t h e  d a t a  o f  J u n g  a n d  M e y e r - M i c k e l e i t ,  t h e y  a r e  f o u n d  i n  1 0 - 1 2 %  
o f  h e a l t h y  p e o p l e ,  a n d  i n  8% a c c o r d i n g  t o  t h e  d a t a  o f  Adams C9, 1 9 ,  
2 0 1 .  

I n  o u r  s t u d i e s ,  w e  u s e d  t h e  t e r m  " f l a t  EEG" i n  o r d e r  t o  d e 
s c r i b e  a c t i v i t y  i n  wh ich  t h e  a m p l i t u d e  o f  t h e  b i o - e l e c t r i c  p o t e n t i a l s  
d o e s  n o t  e x c e e d  2 0  pV. Most  s u c h  EEG's a r e  c h a r a c t e r i z e d  by  i r r e g 
u l a r  B - a n d  8-waves .  T h e r e  i s  n o  a - r h y t h m  e v e n  i n  t h e  cases  o f  
r e c o r d i n g  when t h e  e y e s  a r e  c l o s e d .  However ,  d u r i n g  a c l o s e  e x a m i 
n a t i o n  o f  t h e  c u r v e s ,  w e  f o u n d  c e r t a i n  f e a t u r e s  wh ich  a l l o w e d  us  
t o  d i v i d e  t h i s  t y p e  o f  EEG i n t o  two s u b g r o u p s .  We c a l l e d  t h e s e  
s u b g r o u p s  " r e a l  f l a t "  a n d  " f a l s e  f l a t " .  The f i r s t  s u b g r o u p  c o n t a i n s  
t h e  EEG's w h i c h  d i d  n o t  c h a n g e  d u r i n g  r e p e a t e d  . r e c o r d i n g s  a n d  d u r i n g  
h y p e r v e n t i l a t i o n  t e s t s .  T h e r e  w e r e  v e r y  few o f  t hem:  1%. I t  i s  
p o s s i b l e  t h a t  t h e  s m a l l  number  o f  " r e a l  f l a t "  c u r v e s  i n  o u r  s t u d i e s  
w a s  r e l a t e d  t o  t h e  f a c t  t h a t  we r e c o r d e d  t h e  EEG's o n l y  o f  young  
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p e o p l e  ( 1 8  t o  2 3  y e a r s  o l d ) .  A c c o r d i n g  t o  t h e  d a t a  o f  a number  
o f  a u t h o r s  C91,  t h e  number  o f  f l a t  EEG's i n c r e a s e s  w i t h  t h e  s u b 
j e c t ' s  a g e ,  a n d  t h e y  a r e  f o u n d  m o s t  f r e q u e n t l y  i n  p e o p l e  who a re  
40  y e a r s  o l d  (11%).T h u s ,  t h e  r e m a i n i n g  2 %  a r e  t h e  s o - c a l l e d  
" f a l s e  f l a t "  EEG's. T h i s  g r o u p  w a s  a l s o  n o n - u n i f o r m .  H a v i n g  con
d u c t e d  r e p e a t e d  r e c o r d i n g s  on t h e  same s u b j e c t  a t  s h o r t  i n t e r v a l s  
( 5 - 1 0  m i n )  , w e  n o t e d  t h a t  a n  a - r h y t h m  w h i c h  i s  c l e a r e r  ( a l t h o u g h  
i t  r e m a i n s  s m a l l  i n  a m p l i t u d e :  20-30 p V )  g r a d u a l l y  b e g i n s  t o  
a p p e a r  on t h e  EEG. A t  t h e  same t i m e ,  t h e r e  w a s  a l s o  n o t e d  a n o r 
m a l i z a t i o n  o f  t h e  p u l s e  ( t h e  r a t e  of w h i c h  w a s  i n c r e a s e d  t o  
some d e g r e e  d u r i n g  t h e  p r e l i m i n a r y  r e c o r d i n g s )  f o r  t h e s e  s u b j e c t s .  
T h i s  g a v e  us  t h e  b a s e s  on w h i c h  w e  c o u l d  a s s u m e  t h a t ,  i n  t h e  g i v e n  
c a s e ,  t h e  d e c r e a s e  o f  t h e  v o l t a g e  a n d  t h e  s u p p r e s s i o n  o f  t h e  
a - r h y t h m  w a s  o b v i o u s l y  r e l a t e d  t o  t h e  e m o t i o n a l  r e a c t i o n s  o f  t h e  
s u b j e c t s .  T h e r e f o r e  , w e  c a l l e d  t h e s e  c u r v e s  " e m o t i o n a l  f l a t "  o n e s .  
Such  a name was g i v e n  i n  o r d e r  t o  d i s t i n g u i s h  them f r o m  t h e  o t h e r  
g r o u p  o f  c u r v e s  ( a n d  t h e y  made up t h e  m a j o r i t y )  w h i c h  a l s o  r e f e r r e d  
t o  " f a l s e  f l a t "  EEG's, b u t  i n  w h i c h  t h e  a - r h y t h m  i s  s u p p r e s s e d  o n l y  
a f t e r  h y p e r v e n t i l a t i o n .  

T h e r e f o r e ,  d e s p i t e  a c e r t a i n  u n i q u e n e s s  o f  t h e s e  c u r v e s ,  w e  
c o n s i d e r  i t  n e c e s s a r y  t o  r e l a t e  them t o  t h e  g r o u p  o f  f l a t  c u r v e s ,  
s i n c e  t h e  p r i n c i p a l  c r i t e r i a  f o r  t h e  c h a r a c t e r i s t i c s  o f  t h e  t y p e s  
o f  EEG a r e  common t o  them:  a d e c r e a s e d  v o l t a g e  o f  t h e  b i o e l e c t r i c  
p o t e n t i a l s  a n d  a l a c k  o f  a p r e d o m i n a n t  f r e q u e n c y .  

Many a u t h o r s  h a v e  shown t h a t  a f l a t  EEG c a n  b e  o b s e r v e d  f o r  
a l o n g  t i m e  a f t e r  i n j u r y  t o  t h e  b r a i n .  I n  t h i s  c a s e ,  t h e y  n o t e d  
i n  p a r t i c u l a r  t h e  p r e s e n c e  o f  f l a t  EEG's, i n  s u b j e c t s  who showed  
n o  c l i n i c a l  s i g n s  o f  o r g a n i c  i n j u r i e s  i n  t h e  b r a i n  C171. 

K u k o l e v s k a y a  a n d  I l ' i n a  f o u n d  t h a t  t h e  EEG's w i t h  i n h i b i t e d  
r h y t h m s  a n d  d e c r e a s e d  a m p l i t u d e  a r e  f o u n d  r a t h e r  f r e q u e n t l y  i n  
b o x e r s  (22%), f o r  whom b l o w s  on t h e  h e a d  w e r e  a c c o m p a n i e d  n o t  o n l y  / 5 0 8  
by  c o n c u s s i o n s ,  b u t  a l s o  by  h e m o r r h a g e s  i n  t h e  b r a i n  ( i n  a l a r g e  
number  o f  c a s e s ) .  T h e r e f o r e ,  i t  i s  v e r y  n e c e s s a r y  t o  c o n s i d e r  anam
n e s i s  f o r  s u b j e c t s  w i t h  s u c h  EEG's, i n  o r d e r  t o  a v o i d  p a t h o l o g i c a l  
c h a n g e s  i n  t h e  b i o e l e c t r i c  a c t i v i t y .  

I n  c o n c l u s i o n ,  w e  s h o u l d  n o t e  t h a t  i n  c l a s s i f y i n g  n o r m a l  EEG's , 
t h e c e  a r e  d e f i n i t e  d i f f i c u l t i e s  r e l a t e d  t o  t h e  f a c t  t h a t  t h e r e  i s  
a d a n g e r  o f  c o n f u s i n g  a c t u a l  t y p e s  o f  EEG's w i t h  t h o s e  c h a n g e s  
o c c u r r i n g  i n  r e l a t i o n  t o  t h e  d e v e l o p m e n t  of an  o r i e n t i n g  r e a c t i o n  ' 

d u r i n g  t h e  e x a m i n a t i o n  p r o c e s s .  T h e r e f o r e ,  it seems t o  u s  t h a t  
t h e  f i r s t  t y p e  o f  EEG, t o  w h i c h  mos t  o f  t h e  c u r v e s  b e l o n g ,  h a d  t o  
b e  s u b d i v i d e d  i n t o  t h r e e  f o r m s  o f  o r i e n t i n g  r e a c t i o n  i n  t h e  r e c o r d 
i n g s  w i t h  c l o s e d  e y e s ,  w h i c h  a l s o  d e t e r m i n e d  t h e  n o n u n i f o r m i t y  i n  
t h e  r e c o r d i n g s  made when t h e  e y e s  were o p e n .  

I n  i t s e l f ,  t h e  n a t u r e  o f  t h e  c h a n g e  i n  t h e  EEG d u r i n g  t h e  
d e v e l o p m e n t  a n d  s u b s i d e n c e  o f  a n  o r i e n t i n g  r e a c t i o n  ( f r o m  a p r a c 
t i c a l  p o i n t  o f  v i e w )  i s  o f  d e f i n i t e  i n t e r e s t  i n  c h a r a c t e r i z i n g  t h e  
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t h e  i n d i v i d u a l  f e a t u r e s  o f  t h e  E E G ,  a n d  t h e r e f o r e  c a n  b e  u s e d  f o r  
m a k i n g  t h e  c a l s s i f i c a t i o n  more a c c u r a t e  ( i n  p a r t i c u l a r ,  f o r  
i s o l a t i n g  i n d i v i d u a l  s u b g r o u p s  1. 

Our main  t a s k  w a s  b work o u t  a c l a s s i f i c a t i o n  w h i c h  c o u l d  b e  
u s e d  d u r i n g  t h e  p r o c e s s  o f  s e l e c t i n g  a n d  p r e p a r i n g  p i l o t s  a n d  
a s t r o n a u t s  , i . e .  , t h o s e  whose  s p e c i a l t y  i s  r e l a t e d  t o  t h e  p e r i o d i c  
e f f e c t  on them o f  v a r i o u s  s t r e s s - f a c t o r s .  T h e r e f o r e ,  t h e  u s e  o f  t h e  
o r i e n t i n g  r e a c t i o n  f o r  t h e  p u r p o s e  o f  c l a s s i f i c a t i o n  i s  v e r y  u s e f u l  
s i n c e  i t ,  i n  i t s e l f ,  i s  a m o d e l  o f  t h e  s t r e s s - s i t u a t i o n  t o  some 
d e g r e e .  

F o r  a f u r t h e r ,  more  c o m p l e t e  d i s c u s s i o n  o f  t h e  s i g n i f i c a n c e  o f  
v a r i o u s  t y p e s  o f  b a c k g r o u n d  b i o e l e c t r i c  a c t i v i t y  i n  t h e  b r a i n  o f  
p r a c t i c a l l y  h e a l t h y  p e o p l e ,  i t  i s  n e c e s s a r y  t o  c o n d u c t  e l e c t r o e n 
c e p h a l o g r a p h i c  s t u d i e s  i n  c o m b i n a t i o n  w i t h  p s y c h o p h y s i o l o g i c a l  
s t u d i e s ,  w i t h  a s i m u l t a n e o u s  u s e  o f  v a r i o u s  f u n c t i o n a l  t e s t s .  
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AN AUTOMATIC ANALYSIS OF DATA ON THE FUNCTION OF EXTERNAL 
RESPIRATION I N  A HUMAN BEING 

A . M .  Z H D A N O V  A N D  K.K. S H C H E R B A K O V  

ABSTRACT: A method for an a u t o m a t i c  a n a Z y s i s  of 
t h e  d a t a  on t h e  f u n c t i o n  of e x t e r n a Z  r e s p i r a t i o n
in a human b e i n g  is examined.  

A bZock-diagram of t h e  aZgor i thm and t h e  
r e s u Z t s  of t h e  a u t o m a t i c  a n a Z y s i s  of t h e  d a t a  on 
t h i s  f u n c t i o n ,  u s i n g  t h e  M-12 e Z e c t r o n i c  d i g i t a Z  
computer ,  a r e  p r e s e n t e d .  According  t o  t h e  pro 
gram deveZoped,  t h e  o u t p u t  d e v i c e  w r i t e s  o u t  t h e  
numericai!  vaZues for  t e n  i n d i c e s  of t h e  e x t e r n a z  
r e s p i r a t i o n  a f t e r  each r e s p i r a t i o n  cycZe ,  and 
an a d d i t i o n a Z  two i n d i c e s  a t  t h e  end of each  
m i n u t e .  

I n  e x a m i n i n g  t h e  f u n c t i o n  o f  e x t e r n a l  r e s p i r a t i o n  i n  a human / 5 0 9  
b e i n g ,  i t  i s  o f t e n  n e c e s s a r y  t o  m a k e  an  o p e r a t i v e  e v a l u a t i o n  o f  
t h e  c o n d i t i o n  o f  t h e  r e s p i r a t o r y  s y s t e m .  T h i s  p r o b l e m  c a n  b e  s o l v e d  
c o m p l e t e l y  o n l y  when t h e  r e s e a r c h e r  h a s  a t  h i s  d i s p o s a l  a c o m p l e s  
o f  i n d i c e s  o b t a i n e d  d u r i n g  t h e  e x p e r i m e n t .  E x i s t i n g  m e t h o d s  a n d  
a p p a r a t u s  a r e  u s e d  t o  a n a l y z e  d a t a  o b t a i n e d  i n  a g r a p h i c  or v i s u a l  
f o r m .  T h i s  a n a l y s i s ,  as a r u l e ,  i s  l a b o r i o u s  a n d  t i m e - c o n s u m i n g ;  
t h i s  n a t u r a l l y  d e c r e a s e s  t h e  e f f e c t i v e n e s s  o f  t h e  e x p e r i m e n t ,  
f r o m  t h e  p o i n t  o f  v i e w  o f  e v a l u a t i n g  t h e  o r g a n i s m ' s  c o n d i t i o n  a n d  
f i n d i n g  a s p e c i a l  s o l u t i o n .  The n e c e s s i t y  f o r  s u c h  a n  e v a l u a t i o n  
p r e d e t e r m i n e d  t h e  d i r e c t i o n  of  t h e  s t u d i e s  on t h e  a u t o m a t i o n  o f  a n  
a n a l y s i s  o f  t h e  d a t a  on t h e  f u n c t i o n  o f  e x t e r n a l  r e s p i r a t i o n .  

Modern c o m p u t a t i o n a l  t e c h n i q u e s  p r o v i d e  for a u t o m a t i o n  o f  t h e  
p r o c e s s  o f  a n a l y z i n g  p n e u m o t a c h o m e t r i c  d a t a ,  as a r e s u l t  o f  w h i c h  /510 
w e  c a n  o b t a i n  n u m e r i c a l  v a l u e s  f o r  s u c h  a complex  o f  i n d i c e s  o f  
e x t e r n a l  r e s p i r a t i o n  as c a n  a l l o w  f o r  c o n d u c t i n g  b o t h  a g e n e r a l  
r e g u l a t i o n  of t h e  c o n d i t i o n  of  t h e  r e s p i r a t o r y  s y s t e m  a n d  s m a l l e r ,  
s p e c i a l i z e d  s t u d i e s .  

The s y s t e m  o f  a u t o m a t i c  a n a l y s i s  p r o p o s e d  i n c l u d e s  a d a t a  u n i t ,  
a d e v i c e  f o r  s t u d y i n g  t h e  f u n c t i o n  o f  t h e  e x t e r n a l  r e s p i r a t i o n  i n  
a s u b j e c t  (DFEX), a n d  a d i g i t a l  c o m p u t e r .  

METHODS F O R  D E T E R M I N I N G  I N D I C E S  OF E X T E R N A L  
RESPIRATION I N  A H U M A N  B E I N G  

T h i s  m e t h o d  f o r  d e t e r m i n i n g  t h e  i n d i c e s  o f  e x t e r n a l  r e s p i r a t i o n  
s p e c i f i e s  t h a t  t h e  s u b j e c t  m u s t  c a r r y  o u t  a s i m p l e  p r o g r a m ,  so t h a t  
t h e  f i r s t  r e s p i r a t o r y  c y c l e  ( i n s p i r a t i o n  a n d  e x p i r a t i o n )  o c c u r s  a t  
a maximum d e p t h  i n  t h e  f o r c e d  r e g i m e ,  w i t h  a f o l l o w i n g  t r a n s i t i o n  
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t o  r e s p i r a t i o n  a t  w i l l .  I n  t h i s  c a s e ,  t h e r e  i s  a n  v o l t a g e  p o t e n 
t i a l  (UV)  w h i c h  a l t e r n a t e s  i n  t i m e  a t  t h e  o u t p u t  o f  t h e  D F E X .  The 
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v o l t a g e  p o t e n t i a l  i s  p r o p o r t i o n a l  t o  t h e  c h a n g e  i n  t h e  volume o f  
i n s p i r e d  a n d  e x p i r e d  a i r  ( V I ,  s o  t h a t  

w h e r e  U V  i s  t h e  o u t p u t  v o l t a g e  p o t e n t i a l  o f  t h e  a p p a r a t u s , V  i s  
t h e  volume o f  i n s p i r e d  a n d  e x p i r e d  a i r ,  a n d  t i s  t h e  t i m e .  

A s a m p l e  g r a p h  f o r  t h e  c h a n g e  i n  t h i s  v o l t a g e  p o t e n t i a l  i s  
shown i n  F i g .  1. An a n a l y s i s  o f  t h e  g r a p h i c a l l y - r e c o r d e d  f u n c t i o n ,  
V = $ ( t ) ,  a c c o r d i n g  t o  t h e  o r d i n a t e s  a t  i t s  c h a r a c t e r i s t i c  p o i n t s ,  
a l l o w s  o b t a i n i n g  t h e  q u a n t i t a t i v e  c h a r a c t e r i s t i c s  o f  t h e  f o l l o w i n g  /511 
c o m p l e x  o f  i n d i c e s  o f  t h e  e x t e r n a l  r e s p i r a t i o n  i n  a human b e i n g :  

(1) The v i t a l  l u n g  c a p a c i t y  ( V V i c ) .  
( 2 )  The t i m e  f o r  i n s p i r a t i o n  a n d  e x p i r a t i o n  ( t i n ,  t ex ) .  
(3) The r e s p i r a t o r y  vo lumes  for i n s p i r a t i o n  a n d  e x p i r a t i o n  

( V i n ,  v e x ) .  
( 4 )  The maximum v o l u m e t r i c  r a t e s  f o r  i n s p i r a t i o n  a n d  e x p i r a t i o n  

( V i n  ,max 9 vex ,max)  
( 5 )  The r e s e r v e  volume o f  i n s p i r a t i o n  ( a d d i t i o n a l  v o l u m e )  

( vr  ,i n  
( 6 )  The r e s e r v e  volume o f  e x p i r a t i o n  ( V r , e x ) .  

( 7 )  The f r e q u e n c y  o f  r e s p i r a t i o n  ( F r e s ) .  

(8) The m i n u t e  vo lume  o f  t h e  p u l m o n a r y  v e n t i l a t i o n  ( V P v > .  


The d e t e r m i n a t i o n  o f  t h e  q u a n t i t a t i v e  v a l u e s  for t h e  i n d i c e s  
o f  t h i s  c o m p l e x  b y  a m a n u a l  a n a l y s i s  of  t h e  g r a p h  p r e s e n t s  c e r t a i n  
d i f f i c u l t i e s  r e l a t e d  t o  a d e v e l o p m e n t  o f  a s i g n i f i c a n t  vo lume o f  
s i m i l a r  c o m p u t a t i o n a l  m a t e r i a l s .  The u s a g e  o f  t h e  D F E X - d i g i t a l  
c o m p u t e r  s y s t e m  i n  s o l v i n g  t h i s  p r o b l e m  a l l o w s  a u t o m a t i n g  t h e  p r o 
ces s  o f  a n a l y z i n g  t h e  o r i g i n a l  d a t a  on t h e  e x t e r n a l  r e s p i r a t i o n .  
The m e t h o d  f o r  d e t e r m i n i n g  t h e  i n d i c e s  of  t h e  e x t e r n a l  r e s p i r a t i o n ,  
b a s e d  on a n  a n a l y s i s  o f  t h e  f u n c t i o n  V = @ ( t ) ,i s  p r e s e n t e d  b e l o w .  

I n  o r d e r  t o  a n a l y z e  t h e  d a t a  i n  t h e  d i g i t a l  c o m p u t e r ,  t h e  g r a p h  
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I-


f o r  t h e  r e l a t i o n s h i p  V = $(t) i s  d i v i d e d  i n t o  a number  o f  d i s c r e t e  
v a l u e s  f o r  t h e  o r d i n a t e s  A V i  , < . e . ,  i s  q u a n t i z e d  a t  a c e r t a i n  f r e 
q u e n c y .  The f r e q u e n c y  o f  q u a n t i z a t i o n  i s  s e l e c t e d  by  t h e  f o l l o w i n g  
t w o  c o n d i t i o n s .  

(1) The q u a n t i z a t i o n  p e r i o d  m u s t  b e  l o n g e r  t h a n  t h e  maximum 
t i m e  f o r  a n a l y z i n g  t h e  i n f o r m a t i o n :  

Atqu> ha,. a n a l ,  

( 2 )  The q u a n t i z a t i o n  p e r i o d  m u s t  b e  s h o r t e r  t h a n  any  p h a s e  o f  
t h e  r e s p i r a t i o n  ( i n s p i r a t i o n  or e x p i r a t i o n )  : 

Atqu< ' ph .r e s  

T h e r e f o r e ,  

C o n s i d e r i n g  t h a t  w i t h  t h e  a i d  o f  t h e  D F E X ,  w e  c a n  m e a s u r e  t h e  
maximum f r e q u e n c y  o f  r e s p i r a t i o n  w i t h  FreS = 1 0 0  b r e a t h s / m i n ,  w e  
w i l l  f i n d  t h e  t i m e  f o r r e s p i r a t i o n  for t h i s  f r e q u e n c y :  

or t h e  t i m e  f o r  one  p h a s e  o f  r e s p i r a t i o n  ( i n s p i r a t i o n  or e x p i r a t i o n )  
as 0 . 6 / 2  = 0 . 3  s e c ,  w i t h  t h e  a l l o w a n c e  t h a t  t h e  p h a s e s  of  i n s p i r a t i o n  
a n d  e x p i r a t i o n  a r e  e q u a l  when Fres = 1 0 0  b r e a t h s / m i n ,  w i t h  n o  p a u s e  
i n  t h e  r e s p i r a t i o n .  

C o n s i d e r i n g  t h e  f a c t  t h a t  t h e  s p e e d  o f  r e s p o n s e  o f  modern  d i g 
i t a l  c o m p u t e r s  i s  t h o u s a n d s  a n d  t e n s  o f  t h o u s a n d s  o f  o p e r a t i o n s  p e r  
s e c o n d ,  a n d  s a t i s f y i n g  t h e  r e q u i r e m e n t  t h a t  A t  q u  < 0 . 3  s e c ,  t h e  / 5 1 2  
f r e q u e n c y  o f  q u a n t i z a t i o n  i s  t a k e n  a s  e q u a l  t o  1 0  Hz ( t h e  q u a n t i z a 
t i o n  p e r i o d  A t q u  = 0 . 1  s e c ) .  I n  t h i s  c a s e ,  t h e  c o n d i t i o n  i n  (1) 
i s  s a t i s f i e d .  

The v a l u e s  f o r  t h e  o r d i n a t e s  o f  t h e  v o l u m e s  w i t h  t h e  maximum 
p a t h  ( f r o m  p o i n t  0 t o  C i n  F i g .  1) a t  t h e  p o i n t s  o f  q u a n t i z a t i o n ,  
e x p r e s s e d  i n  a b i n a r y  c o d e ,  a r e  t r a n s m i t t e d  t o  a m a g n e t i c  i n t e r n a l  
s t o r e  (MIS). The s e q u e n t i a l  n a t u r e  o f  t h e  d i f f e r e n c e s  i n  t h e  
o r d i n a t e s  i s  d e t e r m i n e d  b y  t h e  i n c r e a s e  i n  t h e  v o l u m e s ,  w h i c h  a r e  
a l s o  s e n t  t o  t h e  MIS w i t h  t h e i r  s i g n s .  

5 5 7  



The d i f f e r e n c e  q u o t i e n t  f o r  t h e  vo lume  a t  t h e  p e r i o d  of  
q u a n t i z a t i o n  d e t e r m i n e s  t h e  v a l u e  f o r  t h e  v o l u m e t r i c  r a t e  a t  a 
g i v e n  p o i n t .  S t r i c t l y  s p e a k i n g ,  t h i s  a v e r a g e  v a l u e  f o r  t h e  r a t e  
p e r  q u a n t i z a t i o n  p e r i o d  i s  t h e  f o l l o w i n g :  

. . . . . . . . . . . . . . . 

The s i g n  i n  t h i s  c a s e  i n d i c a t e s  t h e  p h a s e  o f  r e s p i r a t i o n .  

The maximum v o l u m e t r i c  r a t e s  f o r  i n s p i r a t i o n  a n d  e x p i r a t i o n  
i n  f o r c e d  a n d  n a t u r a l  r e s p i r a t i o n  l i n e s  a r e  c a l c u l a t e d  a c c o r d i n g  
t o  t h e  maximum i n c r e a s e  i n  t h e  volume 

w h e r e  K i s  t h e  s c a l e  f a c t o r .  

The t i m e  f o r  i n s p i r a t i o n  tin i s  d e t e r m i n e d , a s  t h e  sum o f  t h e  
i - t h  p e r i o d s  o f  q u a n t i z a t i o n :  

N e  

b 

w h e r e  N e  a n d  Nb a r e  t h e  numbers  o f  q u a n t i z a t i o n  p e r i o d s  a t  t h e  e n d  
a n d  b e g i n n i n g  o f  t h e  r e s p i r a t i o n  p h a s e .  

I n  a s i m i l a r  w a y ,  w e  c a n  f i n d  t h e  t i m e  f o r  e x p i r a t i o n  te, a n d  
t h e  t i m e  for a r e s p i r a t i o n a l  p a u s e  tres,pw i t h  (3). 

The b e g i n n i n g  a n d  t h e  e n d  o f  a r e s p i r a t i o n a l  p h a s e  a r e  d e t e r - / 5 1 3  
m i n e d  by t h e  g r a d i e n t  me thod  a c c o r d i n g  t o  t h e  f o l l o w i n g  c o n d i t i o n :  

g r a d  F = 0 ( 4 )  

The c u r r e n t  v a l u e s  for t h e  r e s p i r a t i o n a l  vo lumes  a r e  f o u n d  as 
t h e  d i f f e r e n c e  i n  t h e  o r d i n a t e s :  
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w h i l e  t h e  r e s e r v e  vo lumes  ( s u p p l e m e n t a r y  v o l u m e )  t a k e  t h e  f o l l o w i n g  
f o r m :  

The f i r s t  r e s p i r a t i o n a l  vo lume which  c o m p l e t e s  t h e  p r o g r a m  a t  
a maximum d e p t h  is t h e  v i t a l  l u n g  c a p a c i t y ,  d e t e r m i n e d  by  t h e  
f o l l o w i n g  con  d i  t ion : 

V v l c  = VAB (7) 

I n  c a l c u l a t i n g  t h e  r e s e r v e  r a t e s  f o r  i n s p i r a t i o n  a n d  e x p i r a t i o n ,  
t h e  c h a r a c t e r i s t i c  p o i n t s  ( t h e  maximum r a t e s  f o r  t h e  r e s p i r a t i o n  
l i n e s )  a r e  combined  w i t h  t h e i r  c o r r e s p o n d i n g  i n s t a n t a n e o u s  v a l u e s  
f o r  t h e  r e s p i r a t i o n  v o l u m e s .  

T h e s e  v a l u e s  a r e  compared  i n  t h e  MIS w i t h  t h e  d i s c r e t e  v a l u e s  
f o r  t h e  vo lumes  o f  t h e  maximum c o n t o u r .  I f  t h e  v a l u e s  o f  t h e  v o l 
umes c o i n c i d e  p r e c i s e l y  w i t h  t h e  v a l u e  p o s i t e d  a t  t h e  s t o r a g e  u n i t ,  
t h e n  w e  can  f i n d  t h e  v o l u m e t r i c  r a t e  f o r  t h i s  p o i n t  by t h e  i n c r e a s e  
o f  t h e  vo lume .  The d i f f e r e n c e  b e t w e e n  t h e  r a t e  o b t a i n e d  a n d  t h e  
maximum i s  a l s o  t h e  r e s e r v e  v o l u m e t r i c  r a t e .  

I f  t h e  i n s t a n t a n e o u s  v a l u e s  f o r  t h e  r e s p i r a t o r y  volume do  n o t  
c o i n c i d e  p r e c i s e l y  w i t h  some o f  t h e  v a l u e s  i n  t h e  s t o r a g e  u n i t ,  
t h e n  t h e  d i f f e r e n c e  q u o t i e n t  i s  f o u n d  by i n t e r p o l a t i o n .  The r e 
m a i n i n g  o p e r a t i o n s  ‘occur  i n  t h e  same way. Then t h e  r e s e r v e  r a t e  o f  
i n s p i r a t i o n  (or e x p i r a t i o n )  i s  e q u a l  t o  t h e  f o l l o w i n g :  

A 

w h e r e  K i s  t h e  s c a l e  f a c t o r ,  a n d  V,, i s  t h e  d i f f e r e n c e  q u o t i e n t  f o r  
t h e  volume o f  t h e  maximum c o n t o u r  a n d  t h e  c o r r e s p o n d i n g  i n s t a n t a n 
e o u s  v a l u e  f o r  t h e  r e s p i r a t i o n a l  v o l u m e ,  f o r  A V  = f A V r v , m a x .  

The r e s e r v e  vo lumes  o f  e x p i r a t i o n  a r e  f o u n d  by d e t e r m i n i n g  
t h e  v a l u e s  o f  t h e  o r d i n a t e  V ( F K ) ~ :  

The c u r r e n t  vo lumes  o f  e x p i r a t i o n  a r e  c h a r a c t e r i z e d  by t h e  d i f f e r 
e n c e s  i n  t h e  o r d i n a t e s  i n  t h e  f o l l o w i n g  way: 
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/ 5 1 4The m i n u t e  vo lume  o f  t h e  p u l m o n a r y  v e n t i l a t i o n  i s  f o u n d  as 
t h e  sum o f  t h e  c u r r e n t  v o l u m e s  o f  i n s p i r a t i o n  p e r  1 min:  

n 

w h e r e  n i s  t h e  n u m b e r  o f  i n s p i r a t i o n s  p e r  m i n u t e .  

I f  t h e  e n d  of  t h e  c u r r e n t  m i n u t e  f a l l s  a t  a n  i n t e r m e d i a t e  
v a l u e  f o r  t h e  p h a s e  o f  i n s p i r a t i o n ,  t h e n  w e  c a l c u l a t e  t h e  v a l u e  
f o r  t h e  p a r t  o f  t h e  r e s p i r a t i o n a l  vo lume V i n y s u P p  w h i c h  i s  i n s p i r e d  
d u r i n g  t h e  t i m e  i n t e r v a l  o f  t h i s  m i n u t e ,  a n d  w e  a d d  i t  t o  t h e  p r e 
c e d i n g  r e s p i r a t o r y  t i m e  i n t e r v a l  o f  t h i s  m i n u t e ,  a n d  w e  a d d  it t o  
t h e  p r e c e d i n g  r e s p i r a t o r y  v o l u m e s  ( o f  t h e  g i v e n  m i n u t e ) .  

The f r e q u e n c y  o f  r e s p i r a t i o n  i s  d e t e r m i n e d  by c a l c u l a t i n g  t h e  
number  o f  c o m p l e t e  r e s p i r a t o r y  v o l u m e s  o f  i n s p i r a t i o n  i n  one  m i n u t e .  
The p r i n t o u t  o f  t h e  v a l u e s  f o r  t h e  p a r a m e t e r s  o f  t h e  r e s p i r a t i o n a l  
c y c l e  i s  made a t  t h e  e n d  o f  a n  a n a l y s i s  o f  e a c h  o f  t h e m .  The 
p r i n t o u t  o f  t h e  v a l u e s  f o r  t h e  p u l m o n a r y  v e n t i l a t i o n  a n d  t h e  f r e 
q u e n c y  o f  r e s p i r a t i o n  i s  made a t  t h e  e n d  o f  e a c h  m i n u t e .  

A L G O R I T H M  OF THE A U T O M A T I C  ANALYSIS OF THE D A T A  O N  THE 
F U N C T I O N  OF THE E X T E R N A L  RESPIRATION I N  A H U M A N  B E I N G  

I n  w o r k i n g  o u t  a n  a l g o r i t h m  for t h e  a u t o m a t i c  a n a l y s i s  o f  
t h e  d a t a  on  t h e  f u n c t i o n  o f  t h e  e x t e r n a l  r e s p i r a t i o n  i n  a human 
b e i n g ,  t h e  b a s i s  on w h i c h  w e  p o s i t e d  t h e  m e t h o d  w a s  d e s c r i b e d  e a r 
l i e r .  

The s o l u t i o n  t o  t h e  p r o b l e m s ,  w i t h  t h e  a i d  o f  t h e  D F E X - d i g i t a l  
c o m p u t e r  s y s t e ,  w a s  m o d e l e d  on t h e  M-20 e l e c t r o n i c  d i g i t a l  c o m p u t e r .  

F o r  t h e  p r e l i m i n a r y  m a t e r i a l s ,  w e  u s e d  t h e  c u r v e  o f  t h e  f u n c t i o n  
f o r  t h e  volume o f  i n s p i r e d  a n d  e x p i r e d  a i r  a t  t h e  t i m e  when V = $(t), 
a n d  w e  p u n c h e d  i t  on p a p e r  t a p e  f o r  a g i v e n  t i m e .  A s  a r e s u l t  o f  
q u a n t i z a t i o n  o f  t h e  c u r v e ,  w e  o b t a i n e d  a number  o f  d i s c r e t e  v a l u e s  
f o r  t h e  c u r r e n t  v o l u m e s  ( o r d i n a t e s )  w h i c h  w e r e  u s e d  a s  t h e  o r i g n a l  
d a t a  f o r  i n t r o d u c t i o n  i n t o  t h e  d i g i t a l  c o m p u t e r .  

The a l g o r i t h m  f o r  t h e  a u t o m a t i c  a n a l y s i s ' o f  t h e  d a t a  on t h e  
f u n c t i o n  o f  t h e  e x t e r n a l  r e s p i r a t i o n  i n  a human b e i n g ,  whose  b l o c k  
d i a g r a m  i s  shown i n  F i g u r e  2 ,  w a s  w o r k e d  o u t  w i t h  a c o n s i d e r a t i o n  
o f  t h e  f a c t  t h a t  t h e  s o l u t i o n  tD t h e  p r o b l e m  w a s  m o d e l e d  on a n  
e l e c t r o n i c  d i g i t a l  c o m p u t e r .  

B L O C K  1. 

I n t r o d u c t i o n  o f  t h e  p r o g r a m  a n d  t h e  o r i g i n a l  d a t a .  

The p u n c h e d  c a r d s  w i t h  t h e  p r o g r a m  a n d  t h e  o r i g i n a l  d a t a  were 
f e d  i n t o  t h e  i n t e r n a l  s t o r a g e .  
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BLOCK 2 .  

C y c l e  f o r  s o r t i n g  o u t  t h e  o r i g i n a l  d a t a .  

I n  o r d e r  t o  s a v e  t i m e  i n  f e e d i n g  t h e  o r i g i n a l  d a t a  a n d  t h e  
p u n c h e d  c a r d s  for t h e  l a t t e r ,  w e  p e r f o r a t e d  a c c o r d i n g  t o  t w o  num
b e r s .  A f t e r  f e e d i n g  t h e  o r i g i n a l  d a t a  i n t o  e a c h  e l e m e n t  o f  t h e  
i n t e r n a l  s t o r a g e ,  w e  f o u n d  t w o  n u m b e r s .  I n  a g i v e n  b l o c k ,  t h e  
s e c o n d  number  w a s  i s o l a t e d  a n d  p u t  i n t o  t h e  c o r r e s p o n d i n g  s t o r a g e  
e l e m e n t ,  a n d  t h e n  t h e  f i r s t  number  w a s  i s o l a t e d  ( i n  t h e  s t o r a g e  
e l e m e n t  w h e r e  t h e  two  n u m b e r s  h a d  b e e n ,  t h e r e  r e m a i n e d  o n l y  t h e  
f i r s t ) .  A s  a r e s u l t  o f  c o m p l e t i n g  t h e s e  a c t i o n s ,  a t a b l e  o f  t h e  
o r i g i n a l  d a t a  i s  p r e s e r v e d  i n  c e r t a i n  e l e m e n t s  o f  t h e  i n t e r n a l  
s t o r a g e  ( o n e  number  i n  e a c h ) .  

B L O C K  3 .  

C o n v e r s i o n  o f  t h e  n u m b e r s  f r o m  a d e c i m a l  s y s t e m  t o  a b i n a r y  
s y s t e m .  

T h i s  i s  d o n e  a c c o r d i n g  t o  t h e  s t a n d a r d  p r o g r a m .  

B L O C K  4 .  

C y c l e  f o r  i n t r o d u c i n g  V i t l .  

B e f o r e  t h e  c y c l e  f o r  i n t r o d u c i n g  ( i + l ) , . i - e  i s  s e n t  t o  t h e  
(i+l), 
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o p e r a t i n g  e l e m e n t ,  a n d  a f t e r  t h e  c y c l e  f o r  i n t r o d u c i n t  t h e  
v a l u e s  o b t a i n e d  as a r e s u l t  o f  q u a n t i z a t i o n  o f  t h e  f u n c t i o n ,  V = + ( t ) ,  
a r e  s e n t .  A t  t h e  e n d  o f  t h e  a n a l y s i s  w i t h  (itl), t h e  v a l u e  i s  s e n t  
t o  t h e  o p e r a t i n g  e l e m e n t ,  w h e r e  t h e  i - t h  v a l u e  i s  p r e s e r v e d .  

A f t e r  i n t r o d u c t i n g  t h e  v a l u e  f o r  V i + l  i n t o  t h e  o p e r a t i n g  
e l e m e n t ,  t h e r e  i s  a t r a n s i t i o n  t o  a n  a n a l y s i s  o f  t h e  t i m e  m e t e r .  
A t  t h e  e n d  o f  t h i s  c y c l e ,  t h e r e  i s  a t r a n s i t i o n  t o  a n  a n a l y s i s  o f  
t h e  e n d  o f  t h e  c a l c u l a t i o n .  

B L O C K  5 .  

D e t e r m i n a t i o n  o f  t h e  l i m i t  o f  t h e  I n s p i r a t i o n  o f  Maximum Con
t o u r .  The l i m i t  o f  t h e  i n s p i r a t i o n  i s  d e t e r m i n e d  a c c o r d i n g  t o  
F o r m u l a  ( 4 ) .  

B L O C K  6 .  

D e t e r m i n a t i o n  o f  t h e  maximum d i f f e r e n c e  t A V m a x  o f  t h e  maximum 
c o n t o u r  i n  a n  i n t e r v a l  o f  q u a n t i z a t i o n .  

The maximum d i f f e r e n c e  + A V m a x  = A V i  for t h e  i n t e r v a l  o f  q u a n t i 
z a t i o n  i s  d e t e r m i n e d  a c c o r d i n g  t o  t h e  f o l l o w i n g  c o n d i t i o n :  
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BLOCK 7 .  

C a l c u l a t i o n  o f  t h e  p a r a m e t e r s  f o r  t h e  i n s p i r a t i o n  o f  maximum 
c o u n t o u r .  ( 1 )  The v i t a l  l u n g  c a p a c i t y  i s  d e t e r m i n e d  by f i n d i n g  
t h e  r e s p i r a t o r y  volume a t  t h e  l i m i t  o f  t h e  i n s p i r a t i o n  a c c o r d i n g  
t o  t h e  c o n d i t i o n  i n  ( 7 ) .  ( 2 )  The t i m e  f o r  i n s p i r a t i o n  tin i s  d e 
t e r m i n e d  by t h e  p r o g r a m m i n g  me thod  f o r  f i n d i n g  t h e  p e r i o d s .  I n  
t h e  i n t e r n a l  s t o r a g e  o f  t h e  d i g i t a l  c o m p u t e r ,  v a l u e s  a r e  f o u n d  
which  were o b t a i n e d  as a r e s u l t  o f  q u a n t i z a t i o n  o f  t h e  f u n c t i o n  
V = $ft). The q u a n t i t y  o f  t h e  v a l u e s  f o r  V i + l  i n t r o d u c e d  f o r  
c a l c u l a t i o n s  (BLOCK 4 )  i s  c a l c u l a t e d  w i t h  t h e  a i d  o f  a p rogramming  
m e t e r .  

The b e g i n n i n g  o f  t h e  i n t r o d u c t i o n  o f  t h e  v a l u e s  f o r  V i + l  a n d  
t h e  moment o f  t h e  c e s s a t i o n  o f  i n s p i r a t i o n ,  d e t e r m i n e d  by t h e  p r e 
s e n c e  o f  t h e  v a l u e  V i n , m a x ,  a r e  f i x e d  as  Nb a n d  N e ,  r e s p e c t i v e l y .  
S i n c e  t h e  i n t e r v a l s  f o r  q u a n t i z a t i o n  a r e  c o n s t a n t ,  t h e  v a l u e  f o r  
t h e  m e a s u r e d  p e r i o d  c a n  b e  d e t e r m i n e d  a c c o r d i n g  t o  F o r m u l a  ( 3 )  
( 3 )  The maximum r a t e  of i n s p i r a t i o n  i s  d e t e r m i n e d  a c c o r d i n g  t o  
F o r m u l a  ( 2 ) .  

B L O C K  8 .  

M o d i f i c a t i o n  o f  t h e  c o n t r o l  for a t r a n s f e r  t o  t h e  a n a l y s i s  
o f  t h e  p a r a m e t e r s  f o r  t h e  e x p i r a t i o n  of maximum c o n t o u r .  

I n  t h i s  b l o c k ,  t h e  c o n t r o l  f o u n d  i n  t h e  b l o c k  f o r  t h e  a n a l y s i s  / 516  
o f  t h e  t i m e  m e t e r  (BLOCK 2 3 )  i s  m o d i f i e d .  The m o d i f i e d  c o n t r o l  
p r o v i d e s  f o r  a t r a n s i t i o n  t o  an  a n a l y s i s  o f  t h e  p a r a m e t e r s  f o r  t h e  
e x p i r a t i o n  o f  maximum c o n t o u r .  

B L O C K  9 .  

D e t e r m i n a t i o n  of t h e  l i m i t  o f  t h e  e x p i r a t i o n  o f  maximum con
t o u r .  T h i s  b l o c k  i s  a c c o m p l i s h e d  i n  t h e  same way as B L O C K  5 .  

B L O C K  1 0 .  

D e t e r m i n a t i o n  o f  t h e  maximum d i f f e r e n c e  - AVmax - t h e  maximum 
c o n t o u r  i n  a n  i n t e r v a l  o f  q u a n t i z a t i o n .  T h i s  b l o c k  i s  a c c o m p l i s h e d  
i n  a manner  s i m i l a r  t o  t h a t  for B L O C K  6 .  

B L O C K  11. 

C a l c u l a t i o n  o f  t h e  p a r a m e t e r s  f o r  t h e  e x p i r a t i o n  o f  maximum 
c o n t o u r .  (1) The t i m e  f o r  e x p i r a t i o n  te, i s  d e t e r m i n e d  a c c o r d i n g  
t o  F o r m u l a  ( 3 ) .  ( 2 )  The maximum r a t e  o f  e x p i r a t i o n  Vexmax i s  
d e t e r m i n e d  a c c o r d i n g  t o  F o r m u l a  ( 2 ) .  

B L O C K  1 2 .  

M o d i f i c a t i o n  o f  t h e  c o n t r o l  for a t r a n s f e r  t o  a d e t e r m i n a t i o n  
o f  t h e  p a u s e  i n  t h e  e x p i r a t i o n .  
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T h i s  b l o c k  i s  a c c o m p l i s h e d  i n  a way s i m i l a r  t o  t h a t  for 
BLOCK 8 .  A f t e r  c o m p l e t i n g  t h i s  b l o c k ,  t h e r e  i s  a t r a n s i t i o n  t o  a 
c a l c u l a t i o n  o f  t h e  p u l m o n a r y  v e n t i l a t i o n  a n d  t h e  f r e q u e n c y  o f  
r e s p i r a t i o n  p e r  m i n u t e ,  a n d  t h e  v a l u e s  f o r  t h e  p a r a m e t e r s  o f  t h e  
maximum c o n t o u r  a r e  p r i n t e d  o u t .  

B L O C K  1 3 .  

D e t e r m i n a t i o n  o f  t h e  p a u s e  i n  t h e  e x p i r a t i o n .  

The b e g i n n i n g  a n d  t h e  e n d  o f  t h e  p a u s e  i n  t h e  e x p i r a t i o n  a r e  
d e t e r m i n e d  a c c o r d i n g  t o  t h e  c o n d i t i o n  for d e t e r m i n i n g  t h e  e n d  o f  
t h e  e x p i r a t i o n  (BLOCK 11) a n d  t h e  b e g i n n i n g  o f  t h e  i n s p i r a t i o n  
(BLOCK 7 1 ,  a n d  a l s o  by  t h e  f o l l o w i n g  c o n d i t i o n :  

The v a l u e  for t h e  p a u s e  i n  t h e  e x p i r a t i o n  i s  c a l c u l a t e d  a c c o r d i n g  
t o  F o r m u l a  ( 3 ) .  

B L O C K  1 4 .  

M o d i f i c a t i o n  o f  t h e  c o n t r o l  f o r  a t r a n s f e r  t o  a n  a n a l y s i s  o f  
t h e  p a r a m e t e r s  for t h e  i n s p i r a t i o n  o f  t h e  r e s p i r a t o r y  volume ( R V ) .  

T h i s  b l o c k  i s  a c c o m p l i s h e d  i n  t h e  same w a s  as B L O C K  9 .  

B L O C K  1 5 .  

D e t e r m i n a t i o n  o f  t h e  l i m i t  o f  i n s p i r a t i o n  o f  t h e  r e s p i r a t o r y  
v o l u m e .  T h i s  b l o c k  i s  a c c o m p l i s h e d  i n  t h e  same way as B L O C K  5 .  

B L O C K  1 6 .  

D e t e r m i n a t i o n  o f  t h e  maximum d i f f e r e n c e  + A V m a x  o f  t h e  r e s p i r a 
t o r y  volume i n  a n  i n t e r v a l  o f  q u a n t i z a t i o n .  T h i s  b l o c k  i s  a c c o m p l i s h e d  
i n  a way s i m i l a r  t o  t h a t  for B L O C K  6 .  

B L O C K  1 7 .  

C a l c u l a t i o n  o f  t h e  p a r a m e t e r s  for t h e  i n s p i r a t i o n  o f  t h e  r e s - / 5 1 7  
p i r a t o r y  v o l u m e .  

(1) The vo lume  o f  i n s p i r e d  a i r  yexYrv  i s  d e t e r m i n e d  by  F o r m u l a  
( 5 ) .  

( 2 )  The t i m e  o f  i n s p i r a t i o n  t in r v  i s  d e t e r m i n e d  by  F o r m u l a  ( 3 ) .  
( 3 )  The maximum r a t e  o f  i n s p i r a t i o n  v i n , r v y m a x  is d e t e r m i n e d  

by  F o r m u l a  ( 2 ) .  
( 4 )  The r e s e r v e  vo lume  o f  i n s p i r e d  a i r  i s  d e t e r m i n e d  by 

F o r m u l a  ( 6 ) .  
( 5 )  The r e s e r v e  r a t e  o f  i n s p i r a t i o n  v r y i n y p v  i s  d e t e r m i n e d  by  

F o r m u l a  ( 8 ) .  
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B L O C K  1 8 .  

M o d i f i c a t i o n  o f  t h e  c o n t r o l  f o r  a t r a n s f e r  t o  a n  a n a l y s i s  o f  
t h e  p a r a m e t e r s  for t h e  e x p i r a t i o n  o f  t h e  r e s p i r a t i o n a l  v o l u m e .  

T h i s  b l o c k  i s  a c c o m p l i s h e d  i n  a w a y  s i m i l a r  t o  B L O C K  9 .  

B L O C K  1 9 .  

D e t e r m i n a t i o n  o f  t h e  l i m i t  f o r  t h e  e x p i r a t i o n  o f  t h e  r e s p i r a 
t o r y  v o l u m e .  T h i s  b l o c k  i s  a c c o m p l i s h e d  i n  a way s i m i l a r  t o  B L O C K  5 .  

B L O C K  2 0 .  

D e t e r m i n a t i o n  o f  t h e  maximum d i f f e r e n c e  A V m a x  o f  t h e  r e s p i r a 
t i o n a l  vo lume i n  a n  i n t e r v a l  o f  q u a n t i z a t i o n .  T h i s  b l o c k  i s  accom
p l i s h e d  i n  t h e  same way as  B L O C K  1 0 .  

B L O C K  2 1 .  

C a l c u l a t i o n  o f  t h e  p a r a m e t e r s  f o r  t h e  e x p i r a t i o n  o f  t h e  R V .  
(1) The volume o f  e x p i r e d  a i r  V e x , r v  i s  d e t e r m i n e d  by  F o r m u l a  ( 1 0 ) .  
( 2 )  The t i m e  o f  e x p i r a t i o n  & e x  i s  d e t e r m i n e d  by  F o r m u l a  (3). 
( 3 )  The maximum r a t e  o f  e x p i r a t i o n  V e x , r v  i s  d e t e r m i n e d  by F o r m u l a  ( 2 ) .  
( 4 )  The r e s e r v e  volume o f  e x p i r e d  a i r  is d e t e r m i n e d  by t h e  c o n d i t i o n  
i n  ( 9 ) .  
( 5 )  The r e s e r v e  r a t e  o f  e x p i r a t i o n  V p , e x , r v  i s  d e t e r m i n e d  by 
F o r m u l a  ( 8 ) .  

B L O C K  2 2 .  

M o d i f i c a t i o n  o f  t h e  c o n t r o l  f o r  a t r a n s f e r  t o  a d e t e r m i n a t i o n  
o f  t h e  p a u s e  i n  t h e  e x p i r a t i o n .  T h i s  b l o c k  i s  a c c o m p l i s h e d  i n  
t h e  same way a s  B L O C K  1 2 .  

B L O C K  2 3 .  

A n a l y s i s  of  t h e  t i m e  m e t e r .  

The a n a l y s i s  o f  t h e  t i m e  m e t e r  i s  done  i n  t h e  f o l l o w i n g  way.  
I f  t h e  number  f o u n d  i n  t h e  programmed m e t e r  N p m ,  i n  c o m p a r i s o n ,  
i s  n o t  e q u a l  t o  t h e  g i v e n  number  N g i v ,  t h e n  e q u a l  t o  1 m i n ,  t h e r e  
i s  a t r a n s f e r  o f  t h e  c o n t r o l  t o  one  o f  t h e  f o l l o w i n g  b l o c k s :  5 ,  1 9 ,  
1 3 ,  1 5 ,  1 9 ,  ( d e p e n d i n g  on t h e  m o d i f i c a t i o n  o f  t h e  c o n t r o l  f o r  t h e  
t r a n s f e r  t o  t h e  t i m e  m e t e r ) ,  ; . e . ,  

c ( N  pm’ J INgiv) # 0 1  + ( B 1  5V B 1  9 V  B 1  13V B 1  15V B 1  1 9 )  ( 1 4 )  

I f ,  i n  c o m p a r i n g  t h e  t w o  n u m b e r s ,  t h e  r e s u l t  i s  e q u a l  t o  z e r o ,  1 5 1 8  
t h e n  w e  mus t  p r i n t  o u t  t h e  d a t a  on t h e  p u l m o n a r y  v e n t i l a t i o n  Vpv 
a n d  t h e  f r e q u e n c y  o f  r e s p i r a t i o n  FreS p e r  1 m i n u t e ,  i . e . ,  
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B L O C K  24. 

P r i n t i n g  o u t  of t h e  p u l m o n a r y  v e n t i l a t i o n  a n d  t h e  f r e q u e n c y  o f  
r e s p i r a t i o n .  B e f o r e  p r i n t i n g  o u t  t h e  p u l m o n a r y  v e n t i l a t i o n  Ypv
a n d  t h e  f r e q u e n c y  o f  r e s p i r a t i o n  Fres ,  i t  i s  n e c e s s a r y  t o  d e t e r m i n e  
t h e  f o l l o w i n g :  a t  w h a t  p l a c e  i n  t h e  r e s p i r a t i o n a l  volume w a s  t h e r e  
a r e p o r t  o f  1 m i n ?  The a c c o m p l i s h m e n t  o f  t h i s  o p e r a t i o n  p r o v i d e s  
f o r  t h e  f o l l o w i n g :  
(1) P r i n t i n g  o u t  t h e  p u l m o n a r y  v e n t i l a t i o n  a n d  t h e  f r e q u e n c y  o f  
r e s p i r a t i o n ,  i f  t h e  r e p o r t  o f  1 min .  o c c u r r e d  d u r i n g  t h e  i n s p i r a t i o n ,  
o r  ¶ 

( 2 )  E n d i n g  t h e  a n a l y s i s  o f  t h e  r e s p i r a t i o n a l  vo lume ,  p r i n t i n g  o u t  
i t s  p a r a m e t e r s ,  a n d ,  a f t e r  t h i s ,  p r i n t i n g  o u t  t h e  p u l m o n a r y  v e n t i 
l a t i o n  a n d  t h e  f r e q u e n c y  o f  r e s p i r a t i o n ,  i f  t h e  r e p o r t  o f  1 min 
o c c u r r e d  d u r i n g  t h e  e s p i r a t i o n  or t h e  r e s p i r a t i o n a l  p a u s e .  The 
p l a c e  i n  t h e  r e s p i r a t i o n a l  volume d u r i n g  t h e  r e p o r t  o f  1 m i n .  i s  
n o t e d  by t h e  c o r r e s p o n d i n g  s i g n s  o f  t h e  t i m e  o f  i n s p i r a t i o n  S i g n  t i n ,  
o f  e x p i r a t i o n  S i g n  t e x ,  or o f  t h e  r e s p i r a t i o n a l  p a u s e  S i g n  trp. 

I n  t h e  case when (14) i s  s a t i s f i e d  a n d  t h e  r e p o r t  o f  1 min .  
o c c u r r e d  d u r i n g  t h e  i n s p i r a t i o n ,  t h e  p u l m o n a r y  v e n t i l a t i o n  a n d  
t h e  f r e q u e n c y  o f  r e s p i r a t i o n  a r e  p r i n t e d  o u t ,  i . e . ,  

= 0 1  A S i g n t i n }  -t ( vpv (16) 

I n  t h e  c a s e  when (14) i s  s a t i s f i e d  and  t h e  r e p o r t  of  1 min 
d o e s  n o t  o c c u r  d u r i n g  t h e  i n s p i r a t i o n ,  we n o t e  t h e  s i g n s  o f  t h e  
t i m e  f o r  e x p i r a t i o n  or t h e  s i g n  o f  t h e  t i m e  o f  a r e s p i r a t i o n a l  
p a u s e ,  i . e . ,  

B L O C K  2 5 .  

C a l c u l a t i o n  o f  t h e  p u l m o n a r y  v e n t i l a t i o n  a n d  t h e  f r e q u e n c y  o f  
r e s p i r a t i o n ,  a n d  t h r  p r i n t i n g  o u t  o f  t h e  p a r a m e t e r s  f o r  t h e  r e s 
p i r a t o r y  vo lume .  
(1) A t  t h e  e n d  o f  t h e  a n a l y s i s  o f  t h e  maximum c o n t o u r ,  t h e r e  i s  a 
c a l c u l a t i o n  o f  t h e  p u l m o n a r y  v e n t i l a t i o n  a n d  t h e  f r e q u e n c y  o f  
r e s p i r a t i o n .  The p u l m o n a r y  v e n t i l a t i o n  Vpv p e r  m i n u t e  i s  d e t e r m i n e d  
by F o r m u l a  ( 1 1 ) .  I t  f o l l o w s  f r o m  F o r m u l a  (11) t h a t  t h e  f r e q u e n c y  
o f  r e s p i r a t i o n  p e r  m i n u t e  i s  e q u a l  t o  FreS = n. 

Then t h e  v a l u e s  f o r  t h e  p a r a m e t e r s  o f  t h e  maximum c o n t o u r  arte 
p r i n t e d  o u t .  
( 2 )  A t  t h e  e n d  o f  t h e  a n a l y s i s  o f  e a c h  r e s p i r a t o r y  v @ l a m e ,  t ' r a e e  
i s  a c a l c u l a t i o n  o f  t h e  p u l m o n a r y  v e n t i l a t i o n  V p v  a n d  t he  f r e 
q u e n c y  o f  r e s p i r a t i o n  FpeS ,  a n d  t h e  v a l u e s  f o r  t h e  p a r a m e t e r s  O f  

t h e  r e s p i r a t o r y  volume a r e  p r i n t e d  o u t .  Then w e  a n a l y z e  t h e  
c o n d i t i o n  c o n c e r n i n g  t h e  p r e s e n c e  o f  s i g n s  o f  a t i m e  o f  e x p i r a t i o n  
or a t i m e  of  a r e s p i r a t i o n a l  p a u s e .  I f  o n e  o f  t h e s e  s i g n s  o c c u r ,  
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t h e n  t h e  p u l m o n a r y  v e n t i l a t i o n  a n d  t h e  f r e q u e n c y  o f  r e s p i r a t i o n  
for t h e  p a s t  m i n u t e  a r e  p r i n t e d  o u t ,  ; . e .  , 

( S i g n t e x  v S i g n t  1 Fres  1. (18)
PP 

I f  t h e r e  a r e  n o n e  o f  t h e s e  s i g n s ,  t h e r e  i s  a t r a n s f e r  o f  t h e  
c o n t r o l  t o  a n  a n a l y s i s  o f  t h e  f o l l o w i n g  r e s p i r a t o r y  vo lume .  

B L O C K  26. 

P r i n t i n g  o u t  t h e  p a r a m e t e r s  o f  t h e  r e s p i r a t i o n a l  vo lume  a t  
t h e  e n d  o f  t h e  e x p e r i m e n t ,  a t  a g i v e n  t i m e .  

A t  t h e  e n d  o f  t h e  e x p e r i m e n t ,  it i s  d e t e r m i n e d  a t  w h a t  p l a c e  
i n  t h e  r e s p i r a t i o n a l  vo lume  t h e r e  w a s  a r e p o r t  o f  t h e  g i v e n  t i m e .  
F o r  t h i s  p u r p o s e ,  w e  a n a l y z e  t h e  f u l f i l l m e n t  o f  t h e  c o n d i t i o n s  i n  
(15) a n d  (16). I f  t h e  c o n d i t i o n  i n  (15) i s  s a t i s f i e d ,  t h e n  t h e  
e l e c t r o n i c  d i g i t a l  c o m p u t e r  i s  s t o p p e d .  I f  t h e  c o n d i t i o n  i n  (16) 
i s  s a t i s f i e d ,  t h e n  t h e r e  i s  a c a l h u l a t i o n  o f  t h e  p u l m o n a r y  v e n t i 
l a t i o n  Vpv a c c o r d i n g  t o  F o r m u l a  (11) a n d  o f  t h e  f r e q u e n c y  o f  
r e s p i r a t i o n  Fpes a c c o r d i n g  t o  F o r m u l a  (181, a n d  t h e  p a r a m e t e r s  
f o r  t h e  i n s p i r a t i o n  o f  t h e  r e s p i r a t i o n a l  vo lume a r e  p r i n t e d  o u t .  
Then t h e r e  i s  an  a n a l y s i s  t o  s e e  i f  t h e  c o n d i t i o n  i n  (19) i s  
s a t i s f i e d .  I f  t h i s  i s  s o ,  t h e n  t h e  p u l m o n a r y  v e n t i l a t i o n  a n d  t h e  
f r e q u e n c y  o f  r e s p i r a t i o n  a r e  p r i n t e d  o u t ,  a n d  t h e  e l e c t r o n i c  
d i g i t a l  c o m p u t e r  i s  s t o p p e d .  If t h e  c o n d i t i o n  i n  (19) i s  n o t  
s a t i s f i e d ,  t h e  d i g i t a l  c o m p u t e r  i s  s t o p p e d .  

RESULTS OF THE EXPERIMENT O N  THE A U T O M A T I C  ANALYSIS OF THE D A T A  
O N  THE FUNCTIONS OF T H E  E X T E R N A L  RESPIRATION I N  A H U M A N  B E I N G  

On t h e  b a s i s  o f  t h e  b l o c k - d i a g r a m  f o r  t h e  a l g o r i t h m  d e v e l o p e d ,  
w e  c o n s t r u c t e d  a p r o g r a m  f o r  a n a l y s i s  u s i n g  t h e  e l e c t r o n i c  d i g i t a l  
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c o m p u t e r  M-20. 

I n  o r d e r  t o  e v a l u a t e  t h e  v a l i d i t y  o f  
a n d  t h e  p o s s i b i l i t y  o f  c o r r e c t i n g  i t ,  w e  
f o r  t h e  a u t o m a t i c  a n a l y s i s  o f  t h e  d a t a  on 
t e r n a l  r e s p i r a t i o n .  

Wi th  t h e  a i d  o f  t h e  DFEX d e v i c e  a n d  
( u s i n g  t a p e ) ,  t h e  c u r v e  for t h e  c h a n g e  i n  
s p i r e d  a n d  e x p i r e d  a i r  d u r i n g  t h e  t i m e  V 
for a g i v e n  i n t e r v a l  i n  a d e f i n i t e  s c a l e .  
m a n u a l l y  w i t h  t h e  p e r i o d  A t q u  = 0 . 1  s e c ,  

t h e  a l g o r i t h m  d e v e l o p e d ,  
m o d e l e d  t h e  s o l u t i o n  

t h e  f u n c t i o n  o f  t h e  e x -

a n  i n k - w r i t i n g  r e c o r d e d  
t h e  vo lumes  o f  t h e  i n -

= $(t) w a s  w r i t t e n  o u t  
T h i s  c u r v e  w a s  q u a n t i z e . d  

a n d  t h e  v a l u e s  f o r  t h e  
v o l u m e s  a t  e a c h  p o i n t  o f  q u a n t i z a t i o n  were  d e t e r m i n e d .  

F o r  a l l  t h e  d i s c r e t e  v a l u e s  o f  t h e  o r d i n a t e s ,  w e  c o n s t r u c t e d  
a t a b l e  o f  t h e  o r i g i n a l  d a t a ,  w h i c h  were t r a n s f e r r e d  o n t o  p u n c h e d  
c a r d s .  

A c c o r d i n g  t o  t h e  a l g o r i t h m  u s e d ,  w e  c o n s t r u c t e d  a p r o g r a m  f o r  
a n a l y z i n g  t h e  o r i g i n a l  d a t a .  F o r  t h e  c a l c u l a t i n g  b l o c k ,  w e  u s e d  
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t h e  M-20 u n i v e r s a l  d i g i t a l  c o m p u t e r .  The p r o g r a m ,  t h e  c o n s t a n t s  , 
a n d  t h e  o r i g i n a l  d a t a  were s e n t ,  b e f o r e  a n a l y s i s ,  f r o m  t h e  p u n c h e d  
c a r d s  t o  t h e  e l e m e n t s  o f  t h e  m a g n e t i c  i n t e r n a l  s t o r e .  

The r e s u l t s  o f  t h e  a u t o m a t i c  a n a l y s i s  w e r e  s e n t  t o  t h e  w r i t i n g  
d e v i c e .  A f t e r  t h e  e n d  o f  e a c h  r e s p i r a t o r y  c y c l e ,  t h e  n u m e r i c a l  
v a l u e s  f o r  t e n  o f  t h e  v o l u m e t r i c ,  r a t e ,  a n d  t i m e  i n d i c e s  o f  t h e  
e x t e r n a l  r e s p i r a t i o n  w e r e  p r i n t e d  o u t .  A f t e r  e a c h  m i n u t e  o f  t h e  
e x p e r i m e n t ,  t h e r e  was a s u p p l e m e n t a r y  w r i t i n g  o f  t h e  v a l u e  for t h e  
m i n u t e  volume o f  t h e  p u l m o n a r y  v e n t i l a t i o n  a n d  t h e  f r e q u e n c y  o f  
r e s p i r a t i o n .  

The c r i t e r i o n  f o r  t h e  v a l i d i t y  o f  t h e  a l g o r i t h m  u s e d  a n d  t h e  
p r o g r a m  w a s  t h e  c o i n c i d e n c e  o f  t h e  c o m p l e x  o f  n u m e r i c a l  v a l u e s  for 
t h e  e x t e r n a l  r e s p i r a t i o n  o b t a i n e d  by a m a n u a l  a n d  a u t o m a t i c  a n a l y 
s i s  o f  t h e  d a t a .  / 5 2 0  

The r e s u l t s  o f  t h e  m o d e l i n g  a n d  an a n a l y s i s  o f  t h e  d a t a  o b t a i n e d  
c o n f i r m e d  t h e  v a l i d i t y  o f  t h e  a l g o r i t h m  d e v e l o p e d ,  and  p r o v i d e d  f o r  
d e t e r m i n i n g  t h e  t e c h n o l o g i c a l  c h a r a c t e r i s t i c s  o f  t h e  s y s t e m  f o r  
t h e  a u t o m a t i c  a n a l y s i s  o f  t h e  d a t a  on t h e  f u n c t i o n s  o f  t h e  e x t e r n a l  
r e s p i r a t i o n  a n d  t h e  e x p e n d i t u r e  o f  t h e  c o m p u t i n g  c o m p l e x .  

A t  t h e  p r e s e n t ,  t h e  a u t h o r s  a r e  s t u d y i n g  a d i r e c t  i n t r o d u c t i o n  
o f  t h e  o r i g i n a l  d a t a  i n t o  t h e  d i g i t a l  c o m p u t e r  a n d  a d e t e r m i n a t i o n ,  
i n  p r i n t ,  o f  t h e  n u m e r i c a l  v a l u e s  for a complex  o f  i n d i c e s  on t h e  
e x t e r n a l  r e s p i r a t i o n ,  d u r i n g  t h e  p r o c e s s  o f  e x p e r i m e n t a l  a n d  
s t a t i s t i c a l  a n a l y s i s .  
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CERTAIN PROBLEMS WITH REGARD TO THE USE OF ACCELETRONS 
(MECHAN ICALLY CONTROLLED VACUUM TUBES) IN DES IGN ING 

MOVING SYSTEMS, AND THE PROSPECTS OF USING TPEM I N  M E D I C I N E  
A . V .  Y e g o r o v  

A B S T R A C T :  The p o s s i b i  Z i t y  of u s i n g  acce Ze trons  
(mechanicaZZy controZZed vacuum t u b e s )  for r e 
cording  various physioZogicaZ f u n c t i o n s  i s  ex
amined. 

An a c c e l e t r o n  i s  a m e c h a n i c a l l y  c o n t r o l l e d  vacuum or g a s - f i l l e d  
t u b e .  The p r i n c i p l e  of o p e r a t i o n  o f  t h i s  t u b e  i s  b a s e d  on d i r e c t  / 5 2 C  
c o n t r o l  o f  e l e c t r i c  c u r r e n t  or e l e c t r i c  d i s c h a r g e  i n  a g a s  b y  a 
r e l a t i v e  m e c h a n i c a l  d i s p l a c e m e n t  o f  t h e  e l e c t r o d e s .  T h i s  f e a t u r e  
d i s t i n g u i s h e s  i t  f r o m  o t h e r  vacuum or g a s - f i l l e d  d e v i c e s  w h i c h  a r e  
c o n t r o l l e d  by e l e c t r i c  or m a g n e t i c  f i e l d s .  

The h i g h  s e n s i t i v i t y  a n d  r e l i a b i l i t y  o f  a c c e l e t r o n s  , t h e  
economy a n d  l a c k  of n e e d  f o r  a d d i t i o n a l  a m p l i f y i n g  d e v i c e s  a n d  
t h e i r  low w e i g h t  a n d  b u l k  a l l o w  a c o n s i d e r a b l e  i n c r e a s e  i n  t h e  
e f f e c t i v e n e s s  a n d  r e l i a b i l i t y  o f  o p e r a t i n g  r e s e a r c h  a n d  e x p e r i m e n t a l  
a p p a r a t u s  u s e d  f o r  e x p e r i m e n t s  or f o r  r e g u l a t i n g  e n g i n e  s y s t e m s .  

A t  t h e  p r e s e n t ,  a c c e l e t r o n s  a r e  s t i l l  b e i n g  u s e d  v e r y  m o d e s t l y  
i n  r e s e a r c h  a p p a r a t u s  a n d  t e c h n o l o g y ,  d e s p i t e  t h e i r  o b v i o u s  a d v a n 
t a g e s .  

T h i s  a r t i c l e  i s  t h e  r e s u l t  o f  s t u d i e s  i n t e n d e d  f o r  f i n d i n g  
t h e  p o s s i b i l i t i e s  o f  u s i n g  a c c e l e t r o n s  f o r  r e c o r d i n g  t h e  f o l l o w i n g :  

P r o l o n g e d  o p e r a t i o n a l  s t r e s s e s  a n d  v i b r a t i o n s  a c t i n g  on a n  
a i r c r a f t  d u r i n g  f l i g h t  or on a c a b i n  i n  a c e n t r i f u g e ;  

Shock  s t r e s s e s  d u r i n g  c a t a p u l t i n g ;  

A c c e l e r a t i o n s  o f  v a r i o u s  p a r t s  o f  t h e  human b o d y ,  i n  s t u d i e s  
on t h e  n a t u r e  o f  i t s  movements  u n d e r  t h e  c o n d i t i o n s  o f  i n c r e a s e d  
g r a v i t y  or w e i g h t l e s s n e s s ;  

C e r t a i n  i n d i c e s  o f  p h y s i o l o g i c a l  f u n c t i o n s  i n  a human b e i n g  / 5 2 1  
( b a l l i s t o c a r d i o g r a m s  b y  a c c e l e r a t i o n  , p u l s e  f r e q u e n c i e s  , t r e m o r s  
o f  t h e  h a n d s ,  e t c . ) .  

I n  t h e  p r o c e s s  o f  c a r r y i n g  o u t  t h e  s t u d i e s ,  w e  c o m p i l e d  ( a n d  
h a v e  now a n a l y z e d )  s u f f i c i e n t  s t a t i s t i c a l  m a t e r i a l s  on t h e  r e l i a 
b i l i t y  a n d  s t a b i l i t y  o f  r e p e t i o n  f o r  t h e  r e s u l t s  o f  r e c o r d i n g  t h e  
a c c e l e r a t i o n s ,  w i t h  t h e  a i d  o f  a c c e l e t r o n s .  On t h e  b a s i s  of t h e  
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s t u d i e s  c o n d u c t e d ,  w e  h a v e  d e v e l o p e d  r e c o m m e n d a t i o n s  f o r  f u r t h e r  
i m p r o v e m e n t s  o f  t h e  d e s i g n  o f  a c c e l e t r o n s .  

1 
\ . r: :  1 
; ,  i 

r .  

I n  t h e  s t u d i e s ,  w e  u s e d  a c c e l 
e t  r o n s  o f  1on g i  t u d i n  a l - zon t r o l  

~~ t y p e  (AE-3)  a n d  s o u n d - c o n t r o l  t y p e  
AE-4. The a c c e l e t r o n s  o f  t h e s e  
t y p e s  were  b u i l t  t o  t h e  d e s i g n  o f  
a n o r m a l  s e r i e s  o f  vacuum t u b e s  
o f  t h e  ' 'Drop" t u p e .  The d i m e n s i o n s  
o f  t h e  s e n d e r  u n i t s  were t h e  f o l 
l o w i n g :  l e n g t h ,  40 m m ;  d i a m e t e r ,  
8 m m .  The maximum w e i g h t  w a s  4 g .  
I n t e r i o r  v i e w s  o f  t h e  a c c e l e t r o n s  
a r e  shown i n  F i g u r e  1. 

B e c a u s e  o f  t h e  c o n d i t i o n s  i n  
m o s t  o f  t h e  e x p e r i m e n t s  c o n d u c t e d ,  
w e  u s e d  a i r c r a f t - t y p e  m a g n e t o e l e c 
t r i c  o s c i l l o g r a p h s  as r e c o r d d n g  
d e v i c e s .  T h e s e  o s c i l l o g r a p h s  r e 
q u i r e  s i g n i f i c a n t  c u r r e n t s  , i n  
o r d e r  t o  g u a r a n t e e  s u f f i c i e n t  
a m p l i t u d e  for " s w i n g i n g "  t h e  l o o p s .  
T h e r e f o r e  , t h e  s t u d i e s  were  c o n 
d u c t e d  w i t h  a c c e l e t r o n s  o f  t h eF i g .  1. I n t e r i o r  V i e w  o f  l o n g i t u d i n a l - c o n t r o l  t y p e  ( A E - 3 ) .M e c h a n i c a l l y  C o n t r o l l e d  

Vacuum Tubes  

ACCELETRONS W I T H  L O N G I T U D I N A L  C O N T R O L  
( S E N D E R  U N I T  W I T H  C U R R E N T  O U T P U T )  

The p r i n c i p l e  o f  r e g u l a t i o n  by  t h e  e l e c t r o n  c u r r e n t  o f  t h e  
t u b e  w i t h  l o n g i t u d i n a l  c o n t r o l  was b a s e d  on t h e  c h a n g e  i n  t h e  i n 
t e n s i t y  o f  t h e  e l e c t r i c  f i e l d  a c t i n g  on t h e  e l e c t r o n  " c l o u d "  o f  
t h e  c a t h o d e ,  p r o d u c e d  by d i s p l a c i n g  t h e  n o v a b l e  e l e c t r o d e - a n o d e .  
By u s i n g  a h i g h - c u r r e n t ,  f i x e d  i n d i r e c t l y - h e a t e d  c a t h o d e  i n  t h i s  
a c c e l e t r o n ,  w e  c o u l d  r e g u l a t e  r e l a t i v e l y  h i g h e r  a n o d e  c u r r e n t s .  
F i g u r e  2 shows  a k i n e m a t i c  s cheme  o f  a b i n a r y  a c c e l e t r o n  w i t h  l o n g i 
t u d i n a l  c o n t r o l .  

F i g .  2 .  K i n e n a t f c  Scheme of a n  
A c c e l e t r o n  w i t h  L o n g P t u d f n a l  Con
trol. K - F i x e d  C a t h o d e ;  
A 1  ,Az-Movable  Anodes .  

/ 5 2 2  
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I n  t h i s  t u b e ,  o n  b o t h  s i d e s  o f  t h e  f i x e d  c a t h o d e ,  t h e r e  a r e  
m o v a b l e  a n o d e s  w i t h  l a r g e  s u r f a c e s .  D u r i n g  a c c e l e r a t e d  movement 
o f  t h e  a c c e l e t r o n  i n  t h e  d i r e c t i o n  o f  t h e  a r r o w ,  t h e  a n o d e s  b e n d  
b e c a u s e  o f  t h e  i n e r t i a l  mass a n d  a s sume  t h e  p o s i t i o n  shown by t h e  
d a s h e s .  T h u s ,  o n e  a n o d e  moves c l o s e r  t o  t h e  c a t h o d e ,  w h i l e  t h e  
s e c o n d  moves f u r t h e r  away.  

U s i n g  t h e  e x a m p l e  o f  o n e  o f  t h e  h a l v e s  o f  t h e  t u b e ,  w e  c a n  
show t h e  r e l a t i o n s h i p  b e t w e e n  t h e  a n o d e  c u r r e n t  o f  t h e  a c c e l e t r o n  
a n d  t h e  d i s t a n c e  b e t w e e n  i t s  e l e c t r o d e s  ( a n d  t h u s  t h e  f u n c t i o n a l  
r e l a t i o n s h i p  b e t w e e n  t h e  c u r r e n t  a n d  a c c e l e r a t i o n ) .  

The d i s t a n c e  b e t w e e n  t h e  e l e c t r o d e s  o f  t h e  a c c e l e t r o n  i s  much 
l e s s  t h a n  t h e i r  c r o s s - s e c t i o n a l  a r e a s ,  and  t h i s  p e r m i t s  u s  t o  as
sume t h a t  t h e  e l e c t r i c  v i e l d  i n  t h e  g a p  b e t w e e n  them i s  homogeneous  
C61.  C o n s i d e r i n g  a l s o  t h a t  t h e  o r i g i n a l  v e l o c i t i e s  o f  t h e  e l e c 
t r o n s  were e q u a l  t o  z e r o ,  w h i l e  t h e  a n o d e  a n d  t h e  c a t h o d e  h a d  
e q u i p o t e n t i a l  s u r f a c e s  , a n d  u s i n g  t h e  f o l l o w i n g  t h r e e  e q u a t i o n s :  

(1) The P o i s s o n  e q u a t i o n :  

w h e r e  U i s  t h e  p o t e n t i a l  a t  a d i s t a n c e  r r ~ "  f r o m  t h e  c a t h o d e ;  p i s  
t h e  d e n s i t y  o f  t h e  e l e c t r o n  " c l o u d " .  

( 2 )  The e q u a t i o n  f o r  t h e  k i n e t i c  e n e r g y  o f  t h e  e l e c t r o n ,  

el7 = 
2 ' 

w h e r e  e i s  t h e  c h a r g e ,  m i s  t h e  m a s s ,  a n d  V i s  t h e  v e l o c i t y  o f  t h e  
e l e c t r o n .  

( 3 )  The e q u a t i o n  e x p r e s s i n g  t h e  r e l a t i o n s h i p  b e t w e e n  t h e  a n o d e  
c u r r e n t  a n d  t h e  d e n s i t y  o f  t h e  s p a c e  c h a r g e ,  t h e  v e l o c i t y  o f  t h e  
e l e c t r o n s ,  a n d  t h e  s u r f a c e  o f  t h e  c a t h o d e  " S " .  

As a r e s u l t  o f  t h e i r  c o m b i n e d  s o l u t i o n ,  w e  w i l l  o b t a i n  t h e  t e r m  f o r  
t h e  a n o d e  c u r r e n t ,  w h i c h  h a s  t h e  f o r m :  

w h e r e  k = 2 . 3 4 ~ 1 0 - ~ ;S i s  t h e  a c t i v e  s u r f a c e  o f  t h e  c a t h o d e  p e r  
s q u a r e  c e n t i m e t e r ;  Ua i s  t h e  a n o d e  p o t e n t i a l  I n  ;p i ts ;  L i s  t h e  
d i s t a n c e  b e t w e e n  t h e  e l e c t r o d e s  i n  c m ;  C = k * S ' U a  . 
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By e x a m i n i n g  t h e  F o r m u l a  ( 4 1 ,  w e  s e e  t h a t  t h e  a n o d e  c u r r e n t  cf 
t h e  t u b e  i s  i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  s q u a r e  o f  t h e  d i s t a n c e  
( L )  b e t w e e n  t h e  a n o d e  a n d  t h e  c a t h o d e .  T h u s ,  i n  t h e  c a s e  of a 
l i n e a r  i n c r e a s e  i n  a c c e l e r a t i o n ,  t h e  r e c o r d i n g  w i l l  d e s c r i b e  a 
p a r a b o l i c  c u r v e .  U s i n g  t h e  b i n a r y  t u b e  i n  a s y m m e t r i c a l  e l e c t r i c  
b r i d g e ,  t h e  c u r r e n t  r e l a t i o n s h i p  f o r  t h e  d i a g o n a l  l i n e  b e i n g  meas 
u r e d  w i l l  b e  s u b j e c t  t o  an e v e n  more c o m p l i c a t e d  l a w ,  w h i c h  t a k e s  
t h e  f o l l o w i n g  f o r m :  

I n  one  s e r i e s  o f  e x p e r i m e n t s ,  we u s e d  a c c e l . e t r o n s  whose  s t r u c - / 5 2 4  
t u r e  c c n t a i n e d  a d d i t i o n a l  c o r r e c t i n g  s p r i n g s  for t h e  s e n s i n g  e l e c 
t r o d e s ,  a c c o r d i n g  t o  o u r  r e c o m m e n d a t i o n s .  T h i s  a l l o w e d  t h e  c h a r 
a c t e r i s t i c s  o f  t h e  a c c e l e t r o n s  t o  b e  r e c t i f i e d .  F i g u r e  3 shows  a 
g r a p h  for a s t a t i s t i c a l  c a l i b r a t i o n  ( +- 1.0s) o f  a b i n a r y  t u b e  ( T y p e  
AE-3) w i t h  c o r r e c t i n g  s p r i n g s .  

The o p e r a t i n g  e l e c t r i c a l  d i a g r a m  f o r  c o n n e c t i n g  t h e  a c c e l e t r o n  
( T y p e  AE-3) i s  shown i n  F i g u r e  4 .  The n o r m a l  o p e r a t i n g  r e g i m e  o f  

t h e  a c c e l e t r o n  i s  t h e  f o l l o w i n g :  
Ua=Ucum<<G.3 V ;  I a l = I a 2  = 1 0 m A ;  
Iact  = 2 0 0  m A .  The a v e r a g e  s e n 
s i t i v i t y  o f  t h e  t u b e  in t e r m s  o f  
t h e  c u r r e n t  ( i n  t h e  m e a s u r i n g  
d i a g o n a l  l i n e  o f  t h e  e l e c t r i c  
b r i d g e ,  compared  w i t h  t h e  d i o d e s  
o f  t h e  a c c e l e t r o n  a n d  t h e  b a l a n c -

I 

F i g .  3 .  F i g .  4 .  

F i g .  3 .  Graph  o f  t h e  S t a t i s t i c a l  (+1 t o  -1) C a l i b r a t i o n  o f  t h e  
Type A�-3 A c c e l e t r o n .  

F i g .  4 .  P r i n c i p a l  E l e c t r i c a l  Diagram f o r  C o n n e c t i n g  an A c c e l e t r o n  
( T y p e  AE-3) t o  a n  E l e c t r i c a l  Low-Frequency  R C - F i l t e r .  

i n g  p o t e n t i o m e t e r  Rb)  w a s  on t h e  o r d e r  o f  0 . 8 - 1 . 1  m A / q ,  w h i c h  w a s  
c o ~ ~ p l e t e l ys u f f i c i e n t  f o r  d i r e c t  o p e r a t i o n  w i t h  Loops  I V  a n d  V o f  
t h e  K 1 2 - 2 1  m a g n e t o e l e c t r i c  o s c i l l o g r a p h .  
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I t  f o l l o w s  f r o m  w h a t  w e  h a v e  s a i d  a b o v e  t h a t  o n e  o f  t h e  c h a r 
a c t e r i s t i c  f e a t u r e s  o f  a n  a c c e l e t r o n  o f  Type AE-3 i s  i t s  h i g h  s e n - .  
s i t i v i t y  t o  c u r r e n t  a t  l o w  a n o d e  p o t e n t i a l .  B e c a u s e  o f  t h i s  c i r 
c u m s t a n c e ,  a n  a d e q u a t e  " s u p p l y "  f o r  t h e  t u b e  c o u l d  b e  o b t a i n e d  f r o m  
o n e  6 - v o l t  b a t t e r y  w i t h  low c a p a c i t a n c e .  T h i s  f e a t u r e  ( i n  a d d i t i o n  
t o  t h e  p o s s i b i l i t y  o f  a. d i r e c t  r e c o r d i n g  o f  t h e  a c c e l e r a t i o n s  w i t h  
t h e  a i d  o f  t h e  m a g n e t i c  l o o p s )  w a s  m o s t  v a l u a b l e  i n  d e s i g n i n g  ecom
i c a l ,  r e l i a b l e ,  a n d  l i g h t  r e s e a r c h  a p p a r a t u s .  

The r e q u i r e m e n t  o f  p a r t i c u l a r l y  e c o n o m i c a l  s e n d e r  u n i t s  f o r  
a c c e l e r a t i o n s  p r o m o t e d  t h e  d e v e l o p m e n t  o f  a c c e l e t r o n s  w i t h  s o u n d  
con  t r o  1. 

SOUND-CONTROL ACCELETRONS (SENDER U N I T  W I T H  V O L T A G E  OUTPUT) 

I n  a s o u n d - c o n t r o l  a c c e l e t r o n  ( T y p e  AE-41, t h e r e  a r e  t w o  
e l e c t r o d e s  w h i c h  p r o d u c e  a u n i f o r m  e l e c t r i c  f i e l d ,  i n  w h i c h  a t h i n  
U-shaped  o x i d i z e d  c a t h o d e  i s  m o u n t e d .  T h i s  c a t h o d e  a c t s  as a n  
e l e  c t  r i  c p r o b e .  

D u r i n g  t h e  a c c e l e r a t e d  movement o f  t h e  a c c e l e t r o n ,  t h e  l o o p  
o f  t h e  c a t h o d e  i s  b e n t  b y  t h e  e f f e c t  o f  i n e r t i a l  f o r c e s ,  s o  t h a t  
t h e  d i s t a n c e  b e t w e e n  t h e  a.node a n d  t h e  c a t h o d e  c h a n g e s .  T h u s ,  t h e  
i n c r e a s e  i n  t h e  a n o d e  c u r r e n t  i s  p r o p o r t i o n a l  t o  t h e  v a l u e  o f  t h e  / 5 2 5  
a c ce 1.e r a t  i on b e i n  g me as u r  e d . 

A c h a r a c t e r i s t i c  f e a t u r e  o f  t h i s  t u b e  i s  a h i g h  s e n s i t i v i t y  
a t  a low e n e r g y  r e q u i r e m e n t  f o r  t h e  p o w e r  s u p p l y .  T h i s  f e a t u r e  i s  
c r i t i c a l  i n  s e l e c t i n g  t h e  t y p e  o f  s e n d . e r  u n i t  f o r  l o n g - l a s t i n g ,  
s m a l l - s i z e  e l e c t r o n i c  a p p a r a t u s  i n t e n d e d  for e x a m i n i n g  a number  o f  
o b j e c t i v e s  , i n  w h i c h  t h e  s e n d e r  u n i t  f o r  t h e  a c c e l e r a t i o n  s h o u l d  
f e e d  d i r e c t l y  i n t o  t h e  p r o b l e m - s o l v i n g  a n d  e x p e r i m e n t a l  d e v i c e s .  

C E R T A I N  ASFECTS OF USING ACCELETRONS 

An e l e c t r o m e c h a n i c a l  t u b e ,  j u s t  l i k e  a n y  o t h e r  m e a s u r i n g  d e v i c e  
w h i c h  h . a s  a f r e e l y  s u s p e n d e d  k i n e m a t i c  s y s t e m ,  i s  r e q u i r e d  t o  r e 
s p o n d  w i t h o u t  i n e r t i a  t o  a n y  c h a n g e s  i n  t h e  p a r a m e t e r  b e i n g  s t u d i e d ,  
; . e .  , t h e  c h a n g e s  i n  t h e  a c c e l e r a t i o n s  a c t i n g  on t h e  o b j e c t .  

We know t h a t  i f  t h e  a n g u l a r  f r e q u e n c y  o f  n a t u r a l  v i b r a t i o n s  
i n  a s e n s o r  w o  i s  much g r e a t e r  ( b y  8 - 1 0  t i m e s )  t h a n  t h e  a n g u l a r  
f r e q u e n c y  o f  t h e  v i b r a t i o n s  i n  t h e  o b j e c t  w ,  t h e  s e n s o r  w i l l  s h i f t  
f r o m  i t s  r e l a t i v e l y  z e r o  p o s i t i o n  by an  a m p l i t u d e  p r o p o r t i o n a l  t o  
t h e  a c c e l e r a t i o n  o f  t h e  o b j e c t ,  w i t h  an  e r r o r  n o  g r e a t e r  t h a n  o n e  
t e n t h  o f  a p e r c e n t  [ 3 ] .  T h u s ,  t h e  n e c e s s a r y  c o n d i t i o n  f o r  a n y  c o n 
c r e t e  e x p e r i m e n t  i s  t o  s e l e c t  a n  a c c e l e r o m e t e r  whose  n a t u r a l  f r e 
q u e n c y  s a t i s f i e s  t h e  f o l l o w i n g  c o n d i t i o n :  
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The n a t u r a l  f r e q u e n c i e s  o f  t h e  a c c e l e t r o n s  u s e d  i n  t h e  e x p e r 
i m e n t s  ( T y p e  AE-3) were b e t w e e n  1 5 0  a n d  2 0 0  Hz;  for Type AE-4, t h e y  
were b e t w e e n  400 a n d  5 0 0  Hz. T h u s ,  w i t h  t h e  a i d  o f  t h e s e  t u b e s ,  
i t  w a s  p o s s i b l e  t o  m e a s u r e  ( w i t h  g r e a t  a c c u r a c y )  t h e  a c c e l e r a t i o n s  
a c t i n g  on an a i r c r a f t  m a k i n g  c o m p l e x  m a n e u v e r s ,  on an o b j e c t  i n  t h e  
c a b i n  o f  a r o t a t i n g  c e n t r i f u g e ,  on p a r t s  o f  t h e  body  o f  a c a t a p u l t e d  
s u b j e c t ,  on t h e  e x t r e m i t i e s  o f  a s u b j e c t  c a r r y i n g  o u t  c e r t a i n  move
m e n t s ,  e t c . ,  i . e . ,  i n  a l l  cases  when t h e  a n g u l a r  v e l o c i t y  o f  t h e  
n e c e s s a r y  v i b r a t i o n s  i n  t h e  o b j e c t  d i d  n o t  e x c e e d  15 -20  a n d  40-50 
Hz , r e s p e c t i v e l y .  

When o p e r a t i n g  u n d e r  t h e  c o n d i t i o n s  o f  m e c h a n i c a l  n o i s e  i n  a 
s y s t e m  ( t h e  v i b r a t i o n s  o f  an a i r c r a f t ,  c e n t r i f u g e ,  e t c . ) ,  whose 
f r e q u e n c y  was c o m m e n s u r a t e  w i t h  t h e  n a t u r a l  f r e q u e n c y  w o  o f  t h e  
a c c e l e t r o n ,  we u s e d  m e c h a n i c a l  a n d  e l e c t r i c  f i l t e r s .  C o r r e c t  f a s 
t e n i n g  o f  t h e  t u b e  t o  t h e  o b j e c t  c a n  f u l f i l l  t h e  f u n c t i o n s  o f  t h e  
f i r s t  u n i t  i n  t h e  m e c h a n i c a l  f i l t e r ,  w h i c h  p r e v e n t s  t h e  e f f e c t  o f  
a number  o f  m e c h a n i c a l  i n t e r f e r e n c e s  on t h e  a c c e l e t r o n .  

The h i g h  s e n s i t i v i t y  o f  t h e  a c c e l e t r o n s  a l l o w e d  us  t o  u s e  low- / 5 2 6  
f r e q u e n c y  R C - f i l t e r s  o f  RC t y p e  t o  comba t  t h e  m e c h a n i c a l  n o i s e s  on 
t h e  o b j e c t .  The f i l t e r i n g  e l e m e n t  o f  t h e  R C - f i l t e r s  i s  d e t e r m i n e d  
by  t h e  r e l a t i o n s h i p  R>Xc  =l/(wC), w h i c h  c a n  v a r y  w i t h i n  a b r o a d  
r a n g e  ( K  = 10-30), d e p e n d i n g  on t h e  d e g r e e  o f  f i l t r a t i o n  d e s i r e d .  

PROSPECTS F O R  USING A C C E L E T R O N S  I N  M E D I C I N E  

A l t h o u g h  r e s e a r c h  l a b o r a t o r i e s  h a v e  made e f f o r t s  ( w h i c h  a r e  , 
h o w e v e r ,  c l e a r l y  i n s u f f i c i e n t )  t o  g i v e  a c c e l e t r o n s  t h e  p l a c e  wh ich  
r i g h t f u l l y  b e l o n g s  t o  them i n  m e a s u r e m e n t  t e c h n o l o g y ,  a b s o l u t e l y  
n o t h i n g  i s  known a b o u t  t hem i n  t h e  m e d i c a l  f i e l d ,  t h o u g h  t h e i r  
t e c h n o l o g i c a l  c h a r a c t e r i s t i c s  c .ould b e  o f  c o n s i d e r a b l e  i m p o r t a n c e  
i n  t h e  p r a c t i c e  o f  c l i n i c a l  a n d  a p p l i e d  m e d i c i n e .  

I n  t h i s  a r t i c l e ,  i t  i s  i n t e r e s t i n g  t o  e x a m i n e  ( f o r  e x a m p l e )  
t h e  p r o b l e m  of r e c o r d i n g  t h e  m e c h a n i c a l  v i b r a t i o n s  o f  a human body 
i n  r e s p o n s e  t o  t h e  f o r c e  o f  c a r d i a c  c o n t r a c t i o n s  ( b a l l i s t o c a r d i o g 
r a p h y  1. 

A c c o r d i n g  t o  t h e  c l a s s i c a l  t h e o r y  f o r  m e a s u r i n g  a p e r i o d i c  
v i b r a t i o n s  , t h e y  m u s t  b e  c h a r a c t e r i z e d  by  t h e  a c c e l e r a t i o n s  t o  
w h i c h  t h e  p a r t s  o f  t h e  body b e i n g  e x a m i n e d  a r e  s u b j e c t e d ,  a n d  by 
t h e  f r e q u e n c y  o f  t h e  i m p a c t s .  T h u s ,  i n  s t u d y i n g  t h e  n a t u r e  a n d  
f o r c e  o f  t h e  h e a r t  c o n t r a c t i o n s ,  i t  i s  n o t  n e c e s s a r y  t o  r e c o r d  t h e  
p a t h s  or r a t e s  o f  d i s l o c a t i o n  f o r  p a r t s  o f  t h e  body  or f o r  t h e  
e n t i r e  b o d y ,  as h a s  b e e n  done  u n t i l  now b o t h  h e r e  a n d  a b o a r d ;  e i t h e r  
a s i n g l e  or a d o u b l e  d i f f e r e n t i a t i o n  i n  t i m e  w i l l  n e c e s s a r i l y  l e a d  
t o  p e r c e p t i b l e  e r r o r s ,  b e c a u s e  o f  t h e  d i s c r e t e  v a l u e s  fbr t h e  t i m e  
c o n s t a n t s  o f  t h e  d i f f e r e n t i a t i n g  u n i t s  i n  t h e  c a l c u l a t i n g  d e v i c e s .  
I n  r e l a t i o n  t o  t h i s ,  w e  m u s t  a c k n o w l e d g e  t h e  c o m p l e t e l y  o b j e c t i v e  
m e t h o d  o f  s t u d i e s  i n  b a l l i s t o c a r d i o g r a p h y  by a c c e l e r a t i o n  ( a c c e l e 
c a r d i o g r a p h y ) ,  s i n c e  t h e  u l t i m a t e  r e s u l t  o f  t h e s e  s t u d i e s  m u s t  b e  
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e x p r e s s e d  i n  f o r c e s  a s  t h e  f u n c t i o n s  o f  t h e  masses a n d  a c c e l e r a t i o n s ,  
i . e . ,  P = m.a, a n d  i n  t h e  n a t u r e  ( n a t u r e  o f  t h e  o s c i l l o g r a m )  o f  
t h e  p u l s e s  o f  t h e  h e a r t  c o n t r a c t i o n s .  

The g e n d e r  u n i t  u s e d  i n  a c c e l e c a r d i o g r a p h y  d o e s  n o t  h a v e  t o  
i n c r e a s e  t h e  m a s s  c o n s i d e r a b l y  a n d  t h u s  m e a s u r e  t h e  n a t u r a l  f r e 
q u e n c y  o f  t h e  o b j e c t  b e i n g  s t u d i e d  ( t h e  n a t u r a l  f r e q u e n c y  o f  t h e  
human body i s  a p p r o x i m a t e l y  1 0  H z ) .  T h i s  s e n d e r  u n i t ,  w h i c h  f u l 
f i l l s  a l l  t h e  r e q u i r e m e n t s  f o r  a r e l i a b l e  r e c o r d i n g  i n  a c c e l e c a r d i 
o g r a p h y ,  i s  a a c c e l e t r o n .  F i g u r e  5 shows  a n  a c c e l e c a r d i o g r a m  o f  a 
human b e i n g ,  r e c o r d e d  f r o m  t h e  c h e s t  o f  t h e  s u b j e c t  u n d e r  t h e  con
d i t i o n s  o f  a c l i m b  i n  a p r e s s u r e  chamber  up t o  a h e i g h t  H = 6 0 0 0  m ;  
t h e  r e c o r d  w a s  made b y  t h e  a u t h o r  i n  o p t i o n a l  order. T h i s  r e c o r d  
h a s  a n  u n u s u a l  c h a r a c t e r ,  a n d  i t  c a n n o t  b e  a n a l y z e d  i n  t h e  g e n e r 
a l l y  a c c e p t e d  o r d e r ,  s i n c e  i t  i n c l u d e s  q u a l i t a t i v e l y  new o b j e c t i v e  
i n f o r m a t i o n  on t h e  n e c h a n i c a l  a c t i v i t y  o f  t h e  h e a r t ,  a n d  i t  c a l l s  
for a r e s e a r c h e r  who c a n  e n u m e r a t e  a n d  s y s t e m a t i z e  i t s  c o m p o n e n t s .  / 5 2 7  
A l l  t h a t  w e  h a v e  s a i d  a b o v e  i s  a l s o  r e l a t e d  t o  t h e  r e c o r d i n g  o f  
t h e  p u l s e  a n d  o f  t r e m o r s  o f  t h e  h a n d s .  

5 

F i g .  5 .  A c c e l e c a r d i o g r a m  ( 2 )  R e c o r d e d  f r o m  t h e  C h e s t  o f  a S u b j e c t ,  
w i t h  t h e  A i d  o f  a n  A c c e l e t r o n  o f  Type AE-4. (1) Rheogram;  ( 3 )  
E n c e p h a l o g r a m ;  ( 4 )  E l e c t r o c a r d i o g r a m ;  ( 5 )  R e s p i r a t i o n .  

A t  t h e  p r e s e n t  t i m e ,  a g r e a t  d e a l  o f  a t t e n t i o n  i s  b e i n g  g i v e n  
t o  t h e  F r o b l e m s  o f  human c o o r d i n a t i o n  u n d e r  t h e  c o n d i t i o n s  o f  i n 
c r e a s e d  g r a v i t y  or w e i . g h t l e s s n e s s .  One o f  t h e  e l e m e n t s  of  g e n e r a l  
c o o r d i n a t i o n  i n  man i s  t h e  n a t u r e  o f  t h e  a c c e l e r a t i o n s  of  t h e  
e n t i r e  human body or t h e  e x t r e m i t i e s  w h i l e  a c c o m p l i s h i n g  c e r t a i n  
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movemen t s .  The s t u d y  o f  t h e  n a t u r e  o f  t h e  a c c e l e r a t i o n s  i n  t h e  
movements  o f  a human s u b j e c t ,  when c o n d u c t e d  w i t h  t h e  a i d  o f  
a c c e l e t r o n s ,  c a n  c o m p l e t e l y  c h a n g e  t h e  e x i s t i n g , t e d i o u s  a n d  t i m e -
c o n s u m i n g  ( d u e  t o  t h e  n e c e s s a r y  c a l c u l a t i o n s )  m e t h o d s  of  c y c l o g r a p h y .  

F o r  t h e  r e a s o n s  m e n t i o n e d  a b o v e ,  t h e  s e n d e r  u n i t  f o r  t h e  
a c c e l e r a t i o n s  of t h e  human body  and  t h e  e x t r e m i t i e s  s h o u l d  h a v e  
t h e  l e a s t  p o s s i b l e  w e i g h t  a n d  b u l k ;  i t  s h o u l d  a l s o  b e  a c c u r a t e  a n d  
s u i t a b l e  f o r  t h e  t a s k .  Such  a s e n d e r  u n i t  i s  t h e  a c c e l e . t r o n .  

I n  o n e  s e r i e s  o f  e s p e r i m e n t s  w h i c h  t h e  r e s e a r c h e r  c o n d u c t e d ,  
h e  u s e d  h i s  h a n d  ( t o  w h i c h  t h e  a c c e l e t r o n  w a s  f a s t e n e d )  t o  make 
c e r t a i n  m o t i o n s ; .  h e  t h e n  s t r u c k  a t a r g e t  t o  mark t h e  e n d  o f  t h e  
m o t i o n .  F i g u r e  6 s h o w s  a n  o s c i l l o g r a m  o f  t h e  a c c e l e r a t i o n s  i n  
t h e  w r i s t  o f  a human h a n d ,  u n d e r  c o n d i t i o n s  of w e i g h t l e s s n e s s  / 5 2 8  
d u r i n g  a f l i g h t  i n  a n  a i r c r a f t  a l o n g  a v e r t i c a l  p a r a b o l i c  c u p v e .  

The p o s s i b i l i t i e s  o f  u s i n g  a c c e l e t r o n s  i n  m e d i c i n e  h a v e  n o t  
b e e n  e x h a u s t e d  by  t h e s e  e x a m p l e s .  A t  t h e  p r e s e n t ,  s u c c e s s f u l  
s t u d i e s  a r e  b e i n g  made of t h e  u s e  o f  t h e s e  t u b e s  t o  r e c o r d  a c c e l 
e r a t i o n s  i n  s u c h  c o m p a r a t i v e l y  new b r a n c h e s  o f  p h y s i o l o g y  as b i o 
m e c h a n i c s .  

F i g .  6 .  O s c i l l o g r a m  o f  A c c e l e G a t i o n s  i n  t h e  Wrist o f  a S u b j e c t  
A c c o m p l i s h i n g  C e r t a i n  M o t i o n s  u n d e r  C o n d i t i o n s  o f  W e i g h t l e s s n e s s .  

The m a t e r i a l s  p r e s e n t e d  o b v i o u s l y  i n d i c a t e  t h a t  a c c e l e t r o n s  
( a c c u r a t e ,  h i g h l y - s e n s i t i v e ,  s m a l l ,  and  e c o n o m i c a l  s e n d e r  u n i t s )  
c a n  b e  u s e d  s u c c e s s f u l l y  i n  t e c h n o l o g y  a n d  m e d i c i n e  for m e a s u r i n g  
a w i d e  r a n g e  of  a c c e l e r a t i o n s  i n  m e c h a n i c a l  s y s t e m s ,  a n d  f o r  
r e g u l a t i n g  p r o g r a m e d  mov ing  s y s t e m s .  
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